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This paper investigates the use of A. vera extract as a natural capping agent for TiO, nanoparticles as well as a reducing agent for
TiO, nanoparticles. XRD, ultraviolet diffuse reflectance (UV-DRS), Fourier transform infrared spectroscopy (FT-IR),
transmission electron microscopy (TEM), scanning electron microscopy (SEM), and energy-dispersive X-ray analysis (EDXA)
were used to characterize the material. In their X-ray diffraction patterns, the titanjium dioxide nanoparticles were found to
have a high degree of crystallinity, indicating that they were synthesized. Infrared (FT-IR) spectra were used to determine the
chemical composition of the plant extract. The DRS spectra in the UV-visible range reveal a high absorption peak at 356 nm,
which indicates the existence of TiO, nanoparticles in the sample. Shape of nanoparticles was revealed by SEM and TEM
morphological investigations, which revealed their irregular and somewhat spherical nature. Only titanium and oxygen
compounds were found in the EDX spectrum, indicating that they were present. This demonstrates that the NPs that were
produced are devoid of contaminants. Using the produced nanoparticles as catalyst, we presented a photocatalytic degradation
method for the dye methylene blue in this paper. The findings showed that 94 percent of the damage occurred within 120
minutes of being exposed to UV radiation.

1. Introduction

Nanotechnology is a broad word that encompasses a wide
range of applied scientific and technology domains that are
defined by tiny size and huge surface areas, as well as the
ability to exhibit exceptional and unique characteristics [1].
Recently, nanoparticles in a variety of forms and sizes have
piqued the public’s curiosity [2]. Nanoscience and nanotech-
nology have a variety of practical applications in the real
world, including industry, environmental management,

medicine, and food preservation [3, 4]. In order to avoid
the use of potentially dangerous solvents during the synthe-
sis of nanomaterials, pressures, temperatures, reaction atmo-
spheric conditions, and a long refluxing duration were all
meticulously monitored and regulated [4, 5]. Metal oxide
nanoparticles are extensively employed in a variety of appli-
cations, including electrical, magnetic, and optoelectronic.
Controlling the size of the NPs is an important parameter
for a wide range of application scenarios. Microwave radia-
tion, laser ablation, chemical reduction, sol-gel,
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FIGURE 1: (a) Degradation efficacy of biosynthesized TiO, NPs with various pH, (b) C/C, absorption rate, and (c) photocatalytic degradation

kinetics study of the biosynthesized TiO, NPs with various pH.

hydrothermal, and coprecipitation processes are all used to
create metal and metal oxide nanoparticles [6-8]. Metal
and metal oxide nanoparticles are also manufactured using
a variety of chemical and physical methods. Chemical and
physical processes have a number of significant limitations,
including the use of dangerous chemicals, the need for rigor-
ous environmental conditions such as proper temperature
and pH, scalability challenges, and the production of poison-
ous by-products [9]. Biosynthetic processes have a number
of advantages over chemical and physical techniques, and
they have established themselves as an easy, safe, and practi-
cal alternative. As an alternative to this, biological
approaches may effectively aid the synthesis process at all
sizes and under all situations. It was necessary to create
green technology in order to overcome the limits and down-
sides of traditional chemical synthesis. Green technology is a
way of manufacturing nanoparticles (NPs) with high pro-
spective attributes that have the ability to overcome applica-
tion limitations in a variety of industries. In comparison to
chemical synthesis, it is more cost-effective. As previously
stated, it is devoid of potentially harmful chemicals and
requires no costly machinery [10, 11]. It is also affordable
[10, 11]. Because of the wide range of physical and chemical
characteristics of titanium dioxide nanoparticles (NPs), the
material has garnered a great deal of attention in the recent
decade. TiO, is a photocatalytic material that is nontoxic
and environmentally beneficial, and it has excellent optical
characteristics, thermal solidification, and chemical stability.
TiO, is used in a variety of products these days, including
skincare treatments, culinary colourants, inks, and tooth-
paste. TiO, is also used to make diamonds. The chemicals
are used in the production of tints, fabrics, papers, plastics,

cosmetics, and meals [12, 13]. Hydrophobicity, nonwet abil-
ity, and a huge bandgap are only a few of the high-end char-
acteristics of this material. Dye-sensitive solar panels,
photocatalysis, self-cleaning, charge distributing devices,
gas sensors, nanoelectronics, and photocatalysis are only a
few of the industrial uses of nanoparticles [14-17]. Nanopar-
ticles are also used in antimicrobial goods and textile prod-
ucts. Aloe vera is a kind of Aloe that is well-known for its
medical capabilities. It is a succulent plant. “Alloeh” is an
Arabic word that means “shining bitter stuff,” and “vera” is
a Latin word that means “truth.” Aloe vera is a plant of the
Liliaceae family, barbadensis Mill [18]. In addition to treat-
ing wounds and burns, aloe vera is used to treat lung cancer
and digestive difficulties, boost HDL cholesterol while lower-
ing bad cholesterol, reduce blood sugar in diabetics, battle
AIDS and allergies, and strengthen the immune system
[19-22]. A large number of nutrients and bioactive com-
pounds are found in Aloe vera, which are responsible for
the plant’s medicinal benefits. Aloe vera contains hundreds
of nutrients and bioactive chemicals. Vitamins, proteins,
minerals, polysaccharides, flavonoids, phenolics, saponins,
oxalic acid, and nucleic acids are only a few of the com-
pounds that make up the human body’s nutritional needs.
Aloe vera has traditionally been used in traditional medical
systems to treat burn injuries, rashes, cosmetic concerns,
congestion, and fever [23, 24]. Flavonoids, steroids, phenyl-
propanoids, protein, phenolic compounds, carbohydrates,
reducing sugar, starch, tannins, and glycosides are found in
Aloe vera leaves [25]. Aloe vera leaves also include a variety
of other substances. Titanium dioxide nanoparticles were
minimised and manufactured using an Aloe leaf extract in
aqueous solution (TiO, nanoparticles). The biosynthesis of
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TiO, NPs was confirmed by UV-vis spectroscopy [26].
When combined with smaller MgO nanoparticles, as shown
by HRTEM and FESEM study, Aloe barbadensis phyto-
chemical extract may be employed for a variety of biological
and biomedical applications [27, 28]. The antibacterial activ-
ity of zinc oxide (ZnO) derived from Aloe vera plant extract
has been shown to be very effective against Escherichia coli
[28]. Using an Aloe vera extract as a starting material, a
green synthesis process was employed to create titanium
dioxide nanoparticles in this study. The current project
focused on two critical phases.

(1) The plant extract reduction was building the nano-
particles in below 100°C

(2) The synthesized nanoparticle catalytic activity was
examined against MB dye

2. Experimental

2.1. Materials. To synthesize TiO, nanoparticles, titanium tetra
isopropoxide was purchased (TTIP Sigma-Aldrich, AR grade,
purity >99 percent). Fresh Aloe vera leaves were obtained and
prepared to be used as a biotemplate. Methylene blue was main-
tained in a glass bottle in the refrigerator until needed for pho-
tocatalytic activity. TiO, nanopowder is shown in Figure 2.

The preparation flowchart of TiO, nanoparticles is
included in Figure 3.

2.2. TiO, NP Green Synthesis. To synthesize titanium dioxide
nanoparticles from the leaves of the Aloe vera plant, which is
a naturally occurring source of titanium dioxide, the green
synthesis approach was used. To get the final solution, a
0.1M TTIP solution was mixed with 90mL of aloe vera
extract. After one hour of stirring, the colour changed from
red to milk white, and the resultant precipitate was centri-
fuged at 1000rpm for ten minutes three times, each time
for a total of ten minutes. Centrifuged samples were cleaned
with acetone and roasted at 100 degrees Celsius for eight
hours after which they were cooled.

2.3. Characterization. The characteristics of nanoparticles
were examined in this study. A 40kV/15mA radiation X-ray
diffractometer equipment was used for studying the structural
features of TiO, nanoparticles at temperatures ranging
between 10° and 80°C. The Shimadzu 2700 UV-visible spec-
trophotometer was used to assess the absorption of titanium
dioxide nanoparticles. SEM Carl ZEISS and energy-
dispersive X-ray spectroscopy were used to characterize the
green-generated TiO, nanoparticles before chemical analysis
was performed using Perkin Elmer FT-IR spectroscopy 400-
4000cm ™" (EDXS). A TEM was used to investigate the nano-
particle’s surface shape and texture (Titan).

2.4. Photocatalytic Activity. The photocatalytic effectiveness
of TiO, nanoparticles was investigated using ultraviolet light
and the dye MB as a model dye. The photocatalytic activity
induced by ultraviolet light is one of the conformist
approaches for the reduction of organic contaminants. The
10mg catalyst was added to the 100mL dye solution that

F1GURE 2: TiO, nanopowder.

Titanium o
tertraisopropoxide Deionized
(TTIP) + ethanol water
Resultant Stirring for
solution 1 hour
Drying at Sintering at
130°C for 24 hours 450°C for 2 hours

Tio,
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FIGURE 3: Preparation flowchart of TiO, nanoparticles.
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FIGURE 5: (a) Spectrum of UV-DRS absorption of biosynthesized TiO, NPs. (b) Synthesized NPs.

had been produced. The mixed solutions were maintained in
a dark environment with no exposure to light. In the absence
of light circumstances, it was much easier to obtain the opti-
mum adsorption-desorption balance. The samples (3 mL)
were collected out of the irradiated samples every 30 minutes
to assess the degradation percentage of the loaded sample,
which was irradiated with UV radiation.

The efficiency of dye degradation [29] was assessed as
follows:

C,-C
Photocatalytic dye degradation (%) = OC £ %100, (1)
0

where C, is the absence of light of the dye at time =0, C,
is the presence of light of the dye at time = 30 min, and ¢ is
the time.

3. Results and Discussion

3.1. XRD Analysis. The XRD pattern revealed the phase,
purity, structural, and average crystallite size values of the
TiO, nanoparticles, which are shown in Figure 4. X-ray dif-
fraction showed peaks at 25.38 degrees, 37.97 degrees, 48.14
degrees, 54.40 degrees, 55.20 degrees, 62.73 degrees, and 75.4
degrees. These angles correspond to a Miller index value of
(101), (004), (200), (105) (211), (118), and (215) corre-
spondingly. JCPDS Card No. 78-2486, which is issued by
the Joint Committee on Powder Diffraction Standards, was
used in order to validate the findings that were gathered
[30, 31]. The crystallinity of the NPs contributes to an
increase in the photocatalytic activity, which can be seen in
the form of a prominent peak. The equation developed by
Debye and Scherrer was used in order to calculate the typical
dimension of crystalline particles (Equation (2)).
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FIGURE 6: Biosynthesized TiO, nanoparticle FT-IR spectrum.

Debye-Scherrer’s equation [32] is given by

_0.891 2
- BcosB’

The (101) plane was selected to be used in the calculation
of the crystalline size. The as-prepared TiO, NPs that were
synthesized by utilising Aloe vera solution had a crystalline
size of 27 nanometers. As a consequence of this, it is
hypothesised that TiO, NPs have a larger surface area as well
as dye molecules on their surface, which would lead to
improved photocatalytic activity [33-36].

3.2. UV-DRS Analysis. The bandgap of green-route synthe-
sized TiO, nanoparticles was investigated using a UV-
visible spectrophotometer. The prepared TiO, nanoparticles
display significant absorption in the UV range because of the
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(d)

FIGURE 7: (a and b) TiO, NP SEM images, (c) TiO, NP TEM micrograph, and (d) TiO, NP EDX spectra.

broad forbidden bandgap transition and reduced absorption
in the visible range due to surface imperfections in TiO,
nanoparticles. The absorption of intrinsic bandgap in TiO,
nanoparticles results in a prominent absorption peak at
356 nm [37]. Using Tauc’s plot method, the optical bandgap
of TiO, NPs was determined to be 3.1 eV (Figures 5(a) and
5(b)). The measured absorption edge of TiO, nanoparticles
at 356 nm is markedly blue-shifted compared to tetragonal
anatase TiO, nanoparticles’ bulk bandgap wavelength
(345nm) [38].

The presence of a significant 356 nm spike in the wave-
length range 200-600 nm supports the production of green
TiO, nanoparticles. With Equation (3), you can figure out
the energy gap of TiO, made with the green method [39].

o=hy G)

where E is the energy, h is Planck’s constant, ¢ is the

speed of the light, and A is the wavelength.

The UV-visible absorption spectra of TiO, demonstrate
that it operates as a photocatalyst and responds significantly
due to the production of reactive species in the exposed to
UV light [40]. The particle’s potential energy state is multi-
plied by the number of molecular orbitals in its vicinity for
each molecular orbital. Thus, absorbance will occur at

greater energies, resulting in shorter wavelengths, which will
be absorbed.

3.3. FT-IR Analysis. Figure 6 shows TiO, NP spectra in the
400-4000cm™" range that were generated using a green
chemical process. This curve [20, 21] shows O-Ti-O bond-
ing at a peak of 698 cm™" in a highly crystalline phase [20].
The bands for surface-adsorbed water and hydroxyl groups
are each located at 1624 cm ™" and 3422 cm ™. During the cal-
cination of TiO, NPs, peaks in the C-H stretching band at
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FiGure 8: (a) Degradation efficacy of biosynthesized TiO, NPs for MB dye solution, (b) C/C, absorption rate, and (c) photocatalytic

degradation kinetics study of the biosynthesized TiO, NPs.

2918 MHz and 2849 MHz indicate that the samples have
been completely cleansed of all organic matter. Phenome-
non’s aromatic rings C-C bond and its C-O link bend in
the 1381 cm™ band, respectively. As the C-O bond stretches
asymmetrically in polymeric material, it creates a band at
1120cm’™.

3.4. SEM and TEM Analyses. The morphology of TiO, nano-
particles was studied using SEM. Before reduction, the crys-
talline size is 29 nm. Figure 7(a) shows the average particle
diameter of the TiO, particles synthesized in this method
to be 27 nm. Powder particles were found to be clumped
together. EDAX analysis was used to determine the compo-
sition of the TiO, nanoparticles. In Figure 7(b), the only
metals with peak values were titanium (Ti) and oxygen
(O); no other metals’ peak values were presented. Thus, the
existence of TiO, particles has been confirmed.

Photocatalytic dye degradation is dependent on nano-
particles” surface shape and size. The obtained TiO, nano-
particles sizes were found to be 27 nm, and their shape is
spherical shape with some irregular shapes (Figure 7(c)).
The irregular shapes and adjunct nanoparticles were formed
from the plant nutrients. The obtained shapes and sizes were
well coincided with XRD and SEM results. The excess
amount of plant nutrients and surface plant molecules was
reensured from FTIR and EDX analyses.

3.5. Photocatalytic Activity. TiO, nanoparticles degrades
methylene blue (MB) solution, as seen in Figures 8(a)-8(c).
The initial concentration of MB dye is 10 ppm. TiO, without
sunlight light degrades methylene blue resolution much
slower than TiO, with sunlight light. Figure 6 depicts the
photocatalytic activity of TiO, using sunlight irradia-
tions [41].

In the absence of ultraviolet light, there will be no photo-
catalytic reaction. The MB breakdown of around 9 percent is
not due to a photocatalytic process, but rather to MB

adsorption by TiO, particles in the presence of oxygen.
The approach that makes use of visual destruction rays, on
the other hand, has produced considerable outcomes in
research. The degradation of MB to 94 percent by TiO,
nanoparticles may take place in as little as two hours.
According to this finding, photocatalytic activity occurs only
when light (visible light) is present, and this may be
explained by the photocatalytic process in action.

The photocatalytic mechanism of TiO, can be explained
from

TiO, + h9 — e, +hy,
h§, + H,O0 — H" + HO"
ey +0, — 0y
0" +H" — HO;

HO; + HO; — H,0, + O,
H,0, +e;, — HO™ + HO™
H,0, + h9y — 2HO*

R + HO* — CO, + H,0

As shown in Figure 8, the photocatalytic mechanism of
TiO, can be described. When TiO, NPs absorb incident sun-
light irradiation (i.e., hv > Eg), electron (e”) and hole (h*)
pairs are created in the TiO, NPs. Photogenerated electrons
and holes wander through the material, eventually reaching
the surface of TiO, NPs. The electrons will react with the
oxygen to form superoxide radicals, while the holes will react
with the water to form hydroxyl radicals (OH-) [42, 43].
Both of these free radicals will react with nearby water-
soluble molecules, particularly organic compounds. The
organic molecule (MB) will be decomposed by the hydroxyl
radical into water (H,0) and carbon dioxide (CO,). The
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superoxide radicals (O,") react with water (H,O) to form
hydrogen peroxide (H,O,), when they react with electrons
to produce hydroxyl radicals. Finally, peroxide reacts with
light energy (hv) to produce another hydroxyl radical
(OH:). The MB will be decomposed by this hydroxyl radical
(OH-) into water (H,0) and carbon dioxide (CO,).

The photocatalytic activities of TiO, nanoparticles were
also examined in various settings (with visible light) and
pH conditions for acidic (pH = 2), neutral (pH =7), and base
(pH = 12). Figure 9 depicts the findings of the photocatalytic
experiment. The reaction produces the hydroxyl radical
(OH.) in the neutral state as shown in

hg, + H,O — H" + HO* (5)

In Figure 10, the photocatalytic mechanism of TiO, can
be described in the absence of UV light.

The hydroxyl radical can also be created directly under
alkaline conditions from the (OH) ion, which interacts with
the hole in the following reaction as shown in

hgb +OH — HO*
H"+e — H* (6)
H* + HO* — H,0

As a result, the hydroxyl radical (OH-) will be more
abundant under alkaline conditions, improving its photocat-
alytic ability. Acidic conditions are in excess, and this sur-
plus will interact with free electrons (e’) to form radicals
(OH:). There will be a backlash and a return to when this
radical (OH-) emerges. As a result, the hydroxyl radical
(OH:) produced in alkaline conditions will be more abun-
dant, improving its photocatalytic capacity. There is an
excess of (H") under acidic circumstances, and this surplus
(H") interacts with free electrons (e’) to create radicals
(H™"). The creation of this radical (H") will result in a reac-
tion with (OH), and (H") will revert to H,O.

Figure 1(a) shows the degradation efficacy of biosynthe-
sized TiO, NPs with various pH, Figure 1(b) shows the C/C,
absorption rate, and Figure 1(c) shows the photocatalytic
degradation kinetics study of the biosynthesized TiO, NPs
with various pH. This reduces the quantity of hydroxyl rad-
ical produced, resulting in a decrease in photocatalytic activ-
ity under acidic circumstances. It implies that photocatalytic
activity is better in alkaline pH settings than in neutral pH
situations and that photocatalytic activity is slower in acid
pH conditions than in neutral pH conditions.

4. Conclusion

(1) Using only a few easy processes, this study proved
how to produce TiO, nanoparticles from Aloe vera
plant extract in an environmentally and economi-
cally friendly manner. The tetragonal structure of
the synthesized NPs was confirmed using XRD
analysis

(2) It was determined that the nanoparticles have a
diameter of 27 nm by applying the Debye-Scherrer
equation

(3) To confirm the dimensions and structural character-
istics of the nanoparticles, SEM and TEM are used.
According to the findings of the UV-vis tests, TiO,
nanoparticles were created, with a high peak at
298 nm

(4) Calculated using the Tauc plot, the nanoparticle
bandgap was estimated at 3.48 eV

(5) To put it another way, the MB dye degraded by 94%
when exposed to UV light. Wastewater treatment and
environmental remediation operations rely on the eco-
logically benign production of TiO, nanoparticles

Data Availability

The data used to support the findings of this study are
included in the article.
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