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The synthesis of TiO. nanoparticles (TiO> NPs) using a green approach is highly
preferred due to their non-toxicity and environmentally friendly nature. In this
work, TiO. NPs were synthesized using titanium tetra-isopropoxide (TTIP) and
ethanol extract of avocado peel (Persea americana Mill). The ethanol extract of
avocado peel (EEAP) contained secondary metabolites, including phenolics,
flavonoids, alkaloids, saponins, and terpenoids. These compounds play a role as a
bioreductor to reduce metal ions, and as capping and stabilizing agents to control
nanoparticle growth and prevent aggregation. The total phenolic content (TPC) of
the EEAP was estimated using the Folin-Ciocalteu method, and the total flavonoid
content (TFC) was evaluated using a colorimetric assay that involved aluminium
chloride, and was 79.75 mg GAE/g and 21.74 mg QE/g, respectively. The
characterization of as-synthesized TiO. NPs was carried out using Fourier
Transform Infrared (FTIR) spectroscopy, X-ray powder diffraction (XRD),
Scanning Electron Microscopy-Energy Dispersive X-Ray Spectroscopy (SEM-
EDX), and UV-Vis Diffuse Reflectance Spectroscopy (UV-Vis DRS). The XRD
patterns confirmed that the TiO. NPs were composed of anatase and rutile
crystalline phases, with an average crystallite size of 19.27 nm. The TiO, NPs had
a spherical shape with Ti, O, and C contents 84.9%, 10.24%, and 4.86%,
respectively. The optical band gap of TiO. NPs was found to be 3.16 eV. The TiO.
NPs were used as a photocatalyst for the degradation of rhodamine B (RhB) dye in
a batch photoreactor. The TiO, NPs exhibited high photocatalytic activity in the
degradation of RhB, with degradation percentages of up to 96.39% after 120
minutes of UV irradiation and 98.98% after 30 minutes of sunlight irradiation.
The higher degradation percentage of RhB under sunlight than under UV
irradiation can be attributed to the broad spectrum of sunlight and the dye-
sensitization mechanism. Moreover, the results obtained confirmed that
biogenically synthesized TiO. NPs offer a promising approach for removing
organic pollutants and can be effectively utilized in wastewater treatment
processes.

1. Introduction

The photocatalysis method has been used to degrade
hazardous organic pollutants, such as dyes, into nontoxic
compounds. Many types of semiconducting metal oxides
can be used as photocatalysts, including ZnO, Fe»0s, SnO-,
and TiO.. Particle size is an important factor influencing

the photocatalytic activity of these materials.
Semiconductor materials in nanoparticle size (1-100 nm)
have a small particle size and large surface area that will
positively impact their photocatalytic activity [1].
Titanium dioxide nanoparticles (TiO, NPs) are widely
used as photocatalysts due to their characteristics,
including availability, low cost, high thermal and
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chemical stability, high photocatalytic activity, and
oxygen vacancies in their lattice, which enhance
photocatalytic efficiency [2, 3, 4].

Synthesis of nanoparticles can be carried out using
biological methods, which are often referred to as green
synthesis methods, which use bacteria, fungi, and plant
extracts [5]. This method offers several advantages,
including lower cost, higher efficiency, biocompatibility,
relatively rapid processing, and environmental
friendliness due to the minimal use of harmful chemicals
[6]. Among these approaches, plant extract—mediated
synthesis is the most widely used, as it does not require
complex preparation, is faster, eliminates the need for
culture maintenance, and is more cost-effective [7].
Nonetheless, this approach faces challenges, including
poor reproducibility, non-uniformity of shape and
particle size, complex extraction steps, low purity,
scalability issues, and limited long-term stability. To
overcome these drawbacks, researchers have focused on
using sustainably available (non-seasonal) plants, using
pure bioactive compounds instead of crude extracts,
monitoring of synthesis parameters (e.g., pH,
temperature, concentration of extract), simplifying
extraction procedures, reducing energy consumption,
and optimizing product yield and storage conditions [8,
9,10].

Microbial synthesis also has several advantages,
such as minimizing reliance on additional capping or
stabilizing agents and enabling yield optimization
through genetic modification. Furthermore, this method
allows for rapid adjustments across diverse pathways,
including extracellular, intracellular, and cell-free
extract synthesis [11]. Microbial synthesis can produce
nanoparticles with defined shape, size, composition, and
particle monodispersity via the action of a specific
enzyme [12]. Nevertheless, scaling up the process can be
complicated by the requirements associated with
microbial cultivation and preparation [13].

TiO, NPs have been synthesized using sweet lime
(Citrus limetta) leaves extract [2], cinnamon powder
extract [3] and red spinach (Amaranthus tricolor L.) [14].
The phytochemical content in plant extracts, such as
phenolics, flavonoids, alkaloids, terpenoids, saponins,
tannins, polysaccharides, and others, acts as bioreductors
and stabilizers/capping agents in nanoparticle synthesis
[15]. Flavonoids can be able to chelate and reduce metal
ions into nanoparticles [16]. Flavonoids bind to titanium
ions (Ti4*) via their hydroxyl (-OH) and carbonyl (C=0)
oxygen, forming a stable five- or six-membered ring
structure [17]). Flavonoids also donate electrons to Ti4*
ions, reducing them to Ti3* and forming nuclei that then
grow into TiO. through a series of redox reactions
involving oxygen from the surrounding environment
[18].

Moreover, flavonoids also act as capping agents,
stabilizing the TiO. nanoparticles and preventing
aggregation, contributing to the uniform morphology of
the synthesized nanoparticles. In parallel, phenolic
compounds, characterized by hydroxyl-rich functional
groups, contribute significantly to the reduction and

stabilization of titanium ions. The hydroxyl groups
interact with titanium ions, transferring electrons and
aiding the controlled synthesis of nanoparticles with
enhanced durability and functional properties [19].
Researchers have described a direct correlation between
the total phenolic content and the metal-reducing
capacity of the extracts and the NPs activities [20, 21].
Terpenoids also play a role in nanoparticle synthesis by
reducing titanium ions and providing steric stabilization.
The diversity of their structure enables them to interact
with Titanium ions, influencing the morphology of TiO.
NPs [19].

Herein, the use of avocado (Persea americana Mill)
peel extract in the synthesis of TiO. NPs is reported.
Avocado, a member of the Lauraceae family, is a fruit
extensively cultivated in Indonesia, including in Aceh
province. Avocado peels and seeds contain 21-30% of the
total avocado fruit, which has the potential to be a waste,
providing a sustainable and eco-friendly choice
compared to other plant extracts. Avocado peels and
seeds are reported to contain carbohydrates, proteins,
lipids, fiber, and other active compounds such as
flavonoids and phenolics in large quantities [22]. On the
other hand, researcher was reported that the extract of
avocado peel contains more flavonoids and phenolics
compared to avocado seeds [23]. Avocado peel has the
highest total phenolic and flavonoid contents among
tropical fruit peels, including melon, passion fruit,
banana, pineapple, watermelon, and papaya. Dried
avocado peel had a total phenolic content of 4.3-120.3 mg
GAE/g and showed the highest antioxidant activity (FRAP
assay) compared with other fruit peels [24, 25]. The
concentration and profile of phytochemicals in avocado
peels vary and are influenced by factors such as maturity
stage, cultivation conditions, and specific avocado
varieties.

Additionally, the geographical origin, regional
growth environment, and the selected extraction
techniques play significant roles in determining these
chemical properties [26]. The methanolic extract of
avocado peel with a total phenolic content (TPC) of 21.833
+ 0.111 mg/100 g and a total flavonoid content (TFC) of
2.607 + 0.111 mg/100 g had been reported [27]. The
utilization of avocado peel extract in the synthesis of CdS
NPs [28], Cu.0 NPs [29], and Ag NPs [30] had been
reported. As far as we know, there is no report on the
synthesis of TiO, NPs using the ethanol extract of avocado
peel. The synthesized TiO. NPs in this study were applied
to the photocatalytic degradation of RhB dye. RhB, a
xanthene dyes are, dissolves easily in water and is usually
utilized in the dying of cotton, bamboo, weed, and leather
(31].

2. Experimental

2.1. Materials

All the chemicals utilized in this work were of
analytical grade, except ethanol, which was 96% of
technical grade. Titanium tetraisopropoxide (TTIP;
97%), Folin-Ciocalteu reagents, Mayer reagents, Wagner
reagents, Dragendorff reagents, and Liebermann-
Burchard reagents were bought from Sigma Aldrich St.
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Louis USA, while RhB dye, gallic acid (C;HsOs), Na.CO;,
AlCl;, methanol, potassium acetate (CH3COOK), sodium
chloride (NaCl), quercetin (CisHi00;), Mg, HCl 37%,
FeCl;.6H.0, were procured from Merck. The fresh avocado
peels were taken from a juice seller in Banda Aceh,
Indonesia.

2.2. Preparation of Avocado Peel Extract

The fresh avocado peels were cleaned using water to
remove impurities, then rinsed using distilled water. The
avocado peels were cut into small pieces and dried at room
temperature for 3 days. Later, the dried avocado peels
were crushed, and about 600 g of them were soaked in1L
of 96% ethanol for 24 hours. After filtering the filtrate
with Whatman filter paper, the extraction was repeated
three times, changing the solvent to obtain the ethanol
extract of avocado peel (EEAP). EEAP was employed for
the synthesis of TiO. nanoparticles. The extracts were
concentrated using a rotary evaporator for phytochemical
screening and the determination of TPC and TFC.

2.3. Qualitative Phytochemical Screening

Phytochemical screening was conducted to
determine the presence of secondary metabolites in the
EEAP, such as phenolics, flavonoids, alkaloids, saponins,
tannins, steroids, and terpenoids. The phytochemical
screening was conducted wusing the standard
phytochemical method [32, 33, 34]. The presence of
alkaloids was detected using Mayer’s reagent by the
appearance of a cream-colored precipitate, Wagner’s
reagent by the appearance of a brown-red colored
precipitate, and Dragendorff’s reagent by the formation
of a reddish-brown coloured precipitate. Detection of
steroids and terpenoids was carried out by adding
Liebermann Burchard reagent into EEAP. The presence of
steroids was detected by the formation of a green color,
while terpenoids were confirmed by the formation of ared
color. Saponin detection was performed by mixing the
EEAP with distilled water and boiling the mixture. The
formation of a persistent froth for three minutes
confirmed the presence of saponins. The existence of
flavonoids was confirmed by the formation of pink or red
color when Mg and HCl were added to the EEAP. The
presence of phenolics was confirmed by the formation of
a greenish-black or bluish-black color after the EEAP was
added with FeCls.

2.4. Determination of TPC and TFC

The TPC was determined using gallic acid as a
standard. 0.2 mL of EEAP at 20 mg/L was added to 15.8 mL
of distilled water and 1 mL of Folin-Ciocalteu’s reagent.
After that, about 3 mL of 10% Na,CO; was added to the
mixture, which was then incubated for 2 hours at room
temperature. The absorbance of the solution was
determined using a Shimadzu UV 1900i UV-Vis
spectrophotometer at 765 nm. The determination of TPC
was carried out three times in repetition [23].

The TFC evaluation was conducted using quercetin as
the standard. One mL of EEAP with a concentration of 20
mg/L was mixed with 3 mL of methanol, 0.2 mL of AlCl;
solution, 0.2 mL of CH;COOK 1 M, and 5.6 mL of distilled
water. After incubation for about 30 minutes, the

absorbance of the solution was measured using a
Shimadzu UV-1900i UV-Vis spectrophotometer at 440
nm. The determination of TFC was carried out three times
in repetition [35].

2.5. Synthesis of TiO, NPs

TiO. NPs were synthesized as previously reported
with slight modifications [2]. A total of 11.45 mL of TTIP
was added dropwise to 100 mL of distilled water while
stirring. Furthermore, 50 mL of a 2 mg/mL EEAP solution
was added dropwise to the above solution. The mixture
was stirred continuously at 350 rpm for 3 hours, then
filtered. The precipitate obtained was oven-dried at 100°C
for 2 hours, and thereafter was calcined at 600°C for 3
hours in the muffle furnace. The selection of 600°C as the
calcination temperature was based on its effectiveness in
improving crystallinity, as reported for green tea-
mediated synthesis of TiO. [36].

2.6. Characterization of TiO, NPs

TiO. NPs were characterized using X-ray
Diffractometer (XRD, Shimadzu D6000 with Cu-ka
radiation, A = 0.154 cm), operated at 40 kV, 15 mA, and
scanning speed 10 minutes in the 26:10°-90°. The surface
shape and the presence of elements were characterized
using a JEOL JSM-6510 LA Scanning Electron Microscope
with Energy-Dispersive X-Ray Spectroscopy (SEM-EDX).
The functional groups in the ethanol extract of avocado
peel and the metal bonding were obtained using a Fourier
Transform Infrared spectrophotometer (FTIR) with an IR
Prestige-21 Shimadzu, over the range 400—4000 cm™.
UV-Vis Diffuse Reflectance spectra were recorded using a
Shimadzu UV-2450 UV-Vis spectrophotometer with a
range of 200—800 nm.

2.7. Photocatalytic Degradation Experiments

The photocatalytic activity of TiO, NPs was studied
on the removal of RhB dye. TiO. NPs (250 mg) and 25 mL
of a 5 mg/L RhB solution at an initial pH of 5 were placed
in a glass beaker and placed in the batch photoreactor.
The solution was stirred magnetically at 250 rpm for 30
minutes in the dark, followed by 120 minutes of UV
irradiation from a 6-watt UV lamp (A = 254 nm). A sample
was taken every 15 minutes, and the suspension was
centrifuged at 4000 rpm for 15 minutes.

The absorbance of the supernatant was determined
using a UV-Vis spectrophotometer (model UV-mini-1240
Shimadzu). The same procedure was performed using
sunlight and without irradiation. The photocatalytic
degradation experiments under sunlight irradiation were
conducted outdoors at the Department of Chemistry,
Faculty of Mathematics and Natural Sciences, Universitas
Syiah Kuala, in August, during the time slot of 10:00 AM
to 2:00 PM, under clear-sky conditions. The percentage
of degradation of RhB was determined using Equation 1.

%D = ““’A;At) x 100 (1)

0

Where, A, is the initial absorbance of RhB at Amax of
553 nm, and A is the absorbance of RhB at Amax 0f 553 nm
attime t.
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3. Results and Discussion
3.1. Qualitative Phytochemical Screening

The phytochemical screening is used to investigate
the composition of the EEAP, which will play a role in the
green synthesis of TiO. NPs. The qualitative
phytochemical analysis is conducted as shown in Table 1.
The EEAP contained alkaloids, flavonoids, terpenoids,
saponins, and phenolics. Phytochemical screening results
of the EEAP were almost similar to those previously
reported [30, 37].

3.2. TPC and TFC

The TPC and TFC of the EEAP are 79.75 mg GAE/g and
21.74 mg QE/g, respectively. The results obtained in this
study are in accordance with those reported in previous
work, that avocado peel extract has a greater TPC than
TFC [38]. Phenolic has a role in bioreductors and capping
agents. Flavonoids are believed to be bioreductors that
can chelate and reduce metal ions into nanoparticles [16].
It has been reported that the —OH groups’ presence in
phenolics and flavonoids played a role in the formation
and stabilization of metal and metal oxide nanoparticles
(14,39].

Several studies have reported TPC values for plant
extracts used in TiO. nanoparticle synthesis, including
red spinach leaf extract (1.59 mg GAE/g), green tea extract
(35145 *+ 7.546 mg AAE/100 g DW), and Artemisia
haussknechtii (16.69 + 1.73 mg GAE/g DW). In addition,
TFC has been reported for green tea (12.425 + 0.941 mg
QE/g DW) and Artemisia haussknechtii (7.09 +1.22 mg RE/g
DW) [14, 36, 40]. These findings indicate that EEAP
exhibits strong potential as a sustainable reducing and
stabilizing agent for TiO. nanoparticle synthesis.

3.3. Characteristics of the TiO. NPs
3.3.1. FTIR Analysis

FTIR spectroscopy was utilized to determine the
chemical bonds and functional groups present in TiO.
NPs. Figure 1 shows the FTIR spectrum of the EEAP, TiO,
NPs before and after calcination. The spectrum of EEAP
(Figure 1a) showed a broad peak at 3390 cm- ascribed to
the stretching vibration of the hydroxyl (O-H) group,
while the peak at 1610 cm™! corresponded to the O-H
bending vibration. The peaks at 2924 cm~ and 2852 cm™!
are related to the symmetric and asymmetric stretching
of C-H bonds [28]. The absorption band at 1722 cm™
corresponded to the carbonyl C=0 group; the peaks at
1443 and 1372 cm! were due to C-H bending, while the
band at 1248 cmwas due to C-0 [29]. Peaks at 1610 cm !
and 1444 cm™ could be related to C=C ring stretching.
Figure 1b displays the FTIR spectrum of TiO. NPs before
calcination. It can be observed that the intensities of the
absorption bands at 3390, 2926, 2856, and 1610 cm~!
decrease, indicating the reduction of the titanium ion by
secondary metabolites. FTIR spectrum of TiO> NPs before
calcination also reveals a peak at 615 cm™?, indicating the
existence of Ti-O and O-Ti-O groups. This peak shifted to
503 cm™ in the FTIR spectrum of TiO, NPs after
calcination (Figure 1c). Moreover, the intensity of the

absorption band at 3390 cm-, attributed to the O-H
group, also decreases during calcination.

3.3.2. XRD Analysis

The determination of the phase, crystal structure,
purity, and crystallite size of a material was analyzed by
XRD. Figure 2 displays the diffraction peaks of TiO. NPs
synthesized using EEAP. The peaks at 26 values of 25.29°,
36.94°, 37.79°, 38.56°, £48.04°, 53.87°, 55.02°, 62.12°,
62.68°, 68.77°,70.30°, 75.04°, 75.94°, 76.95°, and 80.70°
attributed to the anatase phase in accordance with JCPDS
Card 00-064-0863, while the peaks at 27.42°, 27.42°,
36.04° 41.32° and 56.55° are ascribed to rutile phase in
accordance with JCPDS Card No. 01-086-0148. The most
intense peak at 28 of 25.29° indicates that TiO, NPs are
predominantly oriented along the (101) plane [41]. The
strong and sharp peaks of the XRD pattern in Figure 2
indicate the crystalline nature of TiO. NPs, which is
reported to be more beneficial in regard to photocatalytic
activity [42].

The relative percentages of the anatase and rutile
phases were estimated by comparing the intensities of
their characteristic XRD peaks according to Equations 2
[43]and 3 [44].

Table 1. Qualitative phytochemical screening of EEAP

Name of
Phytoconstituent Detection  Observation Inference
Test

Mayer Crean}y yvhlte R

precipitate

Alkaloids Reddish-

Dragendorff brown +

precipitate
Steroids Liebermann Yellow -
Terpenoids  Liebermann Red +
Saponins Frothing  Present froth +
Flavonoids Mg and HCl Pink +
Phenolics FeCl; Dark green +

(+): present; (-): absent
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Figure 1. FTIR spectra of (a) ethanol extract of avocado
peel, (b) TiO, NPs before calcination, and (c) TiO, NPs
after calcination
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1
fa=rm (2)
0 _ 100Xy
%ofa ILa+ X Ig 3)

Where, fa represents the weight fraction of the
anatase phase, Iz and Ia are X-ray diffraction intensities
of anatase (101) and rutile (110) plane, respectively. The
constant K is defined as 0.79 for fa > 0.2 and 0.68 for fa <
0.2. %fa is the percentage weight of the anatase phase.
Consequently, the rutile content is equal to %fr = 100 -
%fa. Based on the above equation, the percentages of
anatase and rutile phases in TiO. nanoparticles were
determined to be 96.47% and 3.53%, respectively. The
coexistence of anatase and rutile TiO. phases can enhance
photocatalytic activity through the formation of a
heterojunction. The mixed-phase TiO. with a small
amount of rutile showed a higher photocatalytic activity
by promoting efficient charge separation, where
electrons migrate from the conduction band of rutile to
anatase, while holes remain in rutile. This process
suppresses electron—hole recombination, thereby
improving the overall photocatalytic performance [43].

Based on XRD data results, the average crystallite
size of the TiO, NPs was calculated by Debye-Scherrer’s
(Equation 4) [45].

£ (4)

- B cos6

Where, D is the crystallite size of the particle (nm), 2
is the wavelength of the X-ray, k is the Scherrer constant
(0.89), FWHM is the full-width at half maximum
(FWHM) of the diffraction peak, and 6 is the angle of the
X-ray diffraction peak. The (101), (004), and (200) planes
at 26 of 25.29, 37.78, and 48.04° were selected to evaluate
the crystallite size. The average crystallite size of the
green synthesized TiO. NPs calculated by Equation 4 is
approximately 19.27 nm. The average crystallite size of
TiO. NPs synthesized in this study is smaller than that of
TiO, NPs synthesized using the extract of Citrus limetta
leaves [2] but larger than that of the TiO, NPs synthesized
using the extract of red spinach leaves [14].

A A Anatase
O Rautile

101

Relative Intensity (a.u.)

20()
Figure 2. XRD patterns of TiO, NPs

3.3.3. SEM-EDX Analysis

The SEM image of TiO, NPs in Figure 3a indicates the
formation of nanoparticles. It can be observed that the
TiO. NPs are spherical and agglomerated. Spherical and
agglomerated TiO. NPs synthesized by green synthesis
have also been reported in previous studies [3, 6]. The
particle size distribution shown in Figure 3b, determined
using Image] software (n = 300 particles), indicates that
TiO2 NPs have a mean particle size of 90.35+0.82 nm. The
nanoparticle size is larger than the crystallite size
obtained from the Debye-Scherrer equation via XRD
analysis. This difference in size is attributed to the
agglomeration of TiO. NPs, which are formed by the
clustering of several crystallites bound together [46].
Furthermore, the interactions and Van der Waals forces
between the TiO. NPs significantly contribute to the
formation of these agglomerates [47].

EDX was used to identify the elemental composition
presence in TiO. NPs. The EDX spectrum (Figure 3c)
revealed that Ti and O elements (84.90% and 10.24%) are
dominant, which confirmed the formation of TiO» NPs. A
small amount of carbon element (4.86%) was also
observed in the EDX spectrum, which likely originated
from residual secondary metabolites that remain on the
TiO. NPs’ surface after the calcination process. The
presence of residual carbon on the TiO. NPs synthesized
using Kinnow peel extract [48], Lagenaria siceraria leaf
extract [41], and Fe,O; NPs synthesized using aqueous
extract of Senegalia cathecu [49] had also been reported.
Carbon residue on the nanoparticle surface can act as a
photosensitizer by broadening visible-light absorption
and facilitating electron transfer to the conduction band
of TiO, NPs. Furthermore, the electron will react with
oxygen to generate a superoxide ion (*0->) that acts as a
strong oxidant and enhances the photocatalytic activity
of TiO» NPs. In addition, the residual carbon may alter the
surface hydrophilicity of TiO. NPs, rendering them more
hydrophobic and thereby decreasing their dispersion in
water. Therefore, additional purification, such as ethanol
washing, is required to minimize the residual carbon [48].

Mean = 90.35£0.82
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Figure 3. (a) SEM image of TiO, NPs, (b) particle size
distribution histogram of TiO. NPs, and (c) EDX
spectrum of TiO> NPs
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3.3.4. UV-Vis DRS Analysis

The optical absorption bands of TiO, NPs synthesized
using EEAP were characterized with UV-Vis DRS. Figure
ta shows the absorption spectrum of TiO, NPs in the
range of 200-800 nm. TiO, NPs have a higher absorbance
at a wavelength of 200-400 nm, which is the UV light
region, and a weak absorbance in the visible light region,
which is at a wavelength of 400-800 nm. Based on Figure
4b, the band gap energy of TiO. NPs using the Kubelka-
Munk plot was calculated to be 3.16 eV. This finding
indicated that the band gap energy of TiO. NPs
synthesized using EEAP is lower than the reported value
for pure anatase (3.2 eV). The reduction in band-gap
energy relative to pure anatase may be attributed to the
synergistic effects of the mixed anatase-—rutile phase
composition and the surface modification induced by the
capping agent from the EEAP. XRD data revealed that TiO-
NPs consist of 96.47% anatase and 3.53% rutile.

The existence of 3.53% of the rutile phase caused the
reduction of the band gap energy of mixed-phase TiO-
NPs. The heterojunction interface between the two TiO-
polymorphs can induce interfacial strain and electronic
coupling, thereby tuning the band-edge positions. The
heterojunction between anatase and rutile facilitated
efficient charge separation and suppressed electron-hole
recombination, thereby enhancing overall photocatalytic
activity [50]. On the other hand, the present carbon
residue (as determined by EDX) from secondary
metabolites in plant extracts might also contribute to
reducing the band gap energy of TiO, NPs through carbon
doping. Carbon might replace the oxygen site in the TiO-
lattice. The surface-state modification also contributed
to reducing the band gap energy of TiO. NPs, as functional
groups such as —OH and —COOH from flavonoids and
phenolics stabilized oxygen vacancies [51].

3.4. Photocatalytic Degradation of RhB

The photocatalytic activity of TiO. NPs was studied
on the degradation of RhB under UV and sunlight
irradiation. Figure 5 shows the absorbance spectra and
the effect of time irradiation on the degradation of RhB
dye under UV irradiation. The typical RhB absorbance
peak at 553 nm decreased with increasing irradiation
time. A decrease in the absorbance peak indicated a
decrease in RhB concentration. Under dark conditions for
30 minutes, approximately 14.11% of RhB was removed by
adsorption onto TiO, NPs.

1.4 35

(a) (b)

1.24

bl -
e =

Absorbance (a.u.)

b
=

Eg=3.16eV

0.2
200 300 400 3500 600 700 800 L5 2.0 15 a0 3s

Wavelenght (nm} Energy (eV)

Figure 4. (a) Absorbance spectra and (b) Kubelka-Munk
curve of the TiO» NPs

After irradiating the mixture with UV light for 15
minutes, the RhB concentration decreased by about
4,6.18%. The RhB dye removal increased to 96.38% after
120 minutes of irradiation. The enhancement of RhB dye
degradation is attributed to the production of reactive
species during the irradiation of TiO. NPs, such as
hydroxyl radicals and holes, which oxidatively degrade
RhB. The complete disappearance of the RhB absorption
peak indicates that the RhB dye was fully photodegraded.

Figure 6 shows the degradation of RhB dye over TiO-
NPs under different conditions and sources of light at
regular intervals of time. It can be observed that sunlight
irradiation produced much higher degradation efficiency
of RhB than UV light. After 30 minutes of sunlight
exposure, up to 98.98% of RhB was degraded, compared
with 62.02% under UV light. Figure 6 also shows that the
absorption percentage of RhB using TiO» NPs in the dark
condition was 63.86% after 120 minutes, whereas under
UV irradiation for 120 minutes, about 96.38% of RhB was
removed. This observation confirmed the role of TiO, NPs
in the photocatalytic degradation of RhB. When TiO, NPs
are irradiated under UV or sunlight, electrons in the
valence band (VB) are excited to the conduction band
(CB), leaving holes (h*) in VB. Electrons react with O, in
reaction media to produce superoxide ion (0,*), while h*
react with OH- from H.O to produce radical hydroxyl
(OH).

The superoxide ion and radical hydroxyl can degrade
RhB. Several studies have reported that the degradation
percentage of RhB dye over TiO. NPs obtained by green
synthesis is in the range 80-96.59% after irradiating
under UV light for 80—-120 minutes [2, 52]. Figure 6 also
showed that only 2.77% of RhB was removed after
exposure to UV light (without TiO> NPs) for 120 minutes
(photolysis). Based on these results, it is concluded that
TiO. NPs synthesized using EEAP have high
photocatalytic activity for the degradation of RhB dye
under UV and sunlight irradiation.
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Figure 5. Absorbance spectra and the time reaction effect
on the photodegradation of RhB dye using TiO. NPs
under UV irradiation
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Figure 6. Degradation of RhB under dark conditions,
photolysis, and photocatalysis

The higher degradation percentage of RhB using TiO-
NPs observed under sunlight compared to UV irradiation
can be ascribed to the broad spectrum of sunlight, which
includes UV light (UVA (320—-400 nm), UVB (290—-320
nm), and UVC (< 290 nm)), visible light, and infrared [53],
which activated the TiO. NPs more effectively than UV
light (A = 254 nm). The higher energy and intensity of
photons in sunlight generate more electron-hole pairs,
leading to increased production of hydroxyl radical (*OH)
and superoxide ion radical (-*0.), which enhance the
degradation efficiency of RhB dye. The increase in the
photocatalytic activity of TiO> NPs can also be attributed
to the dye-sensitization mechanism. RhB adsorbed on the
surface of TiO. NPs is excited after absorbing visible light
in sunlight, then an electron passes from its highest
occupied molecular orbital (HOMO) to its lowest
unoccupied molecular orbital (LUMO), and subsequently
to the conduction band of TiO. NPs, thus triggering RhB
degradation.

Along with RhB in solution, it can also absorb light,
and the electron in the LUMO reacts with dissolved
oxygen to produce the superoxide anion radical (-0.)
[54]. Moreover, the enhancement of the degradation
percentage of RhB under sunlight irradiation was
attributed to the heterojunction between mixed-phase
TiO, NPs. The rutile phase has higher valence band and
conduction band energies than the anatase phase. The
photogenerated electrons will go to the anatase due to its
lower conduction band minimum energy and react with
oxygen to produce a superoxide ion, while holes will move
to the rutile due to its higher valence band maximum
energy and react with water to generate hydroxyl radicals
[43].

4. Conclusion

TiO. NPs have been successfully synthesized using
the ethanol extract of avocado peel and TTIP as a
precursor. The EEAP contained alkaloids, flavonoids,
terpenoids, saponins, and phenolics, which acted as
bioreductor, stabilizer, and capping agent on the
synthesis of TiO. NPs. The total phenolic and flavonoid
content of the EEAP is 79.75 mg GAE/g and 21.74 mg QE/g.

TiO. NPs synthesized using the EEAP were in anatase and
rutile crystal phases, with an average crystallite size of
19.27 nm, spherical in shape, and slightly agglomerated.
Particle size distribution of TiO, NPs ranged from 90 to
100 nm. The calculated band gap of TiO. NPs was 3.16 eV.
TiO2 NPs showed high photocatalytic activity in
degrading RhB under UV irradiation, with about 96.38%
of the dye degraded within 120 minutes; under sunlight
irradiation, about 98.98% of the dye was degraded within
30 minutes. The increase in photocatalytic activity of TiO-
NPs under sunlight irradiation was attributed to the broad
spectrum of sunlight, the dye-sensitization mechanism
of RhB, and the heterojunction between rutile and anatase
phases of the synthesized TiO. NPs. Based on the results,
beyond RhB degradation, the biogenically synthesized
TiO. NPs can be applied to remove other organic
pollutants, such as pesticides, pharmaceutical residues,
and textile dyes, as well as for water disinfection.
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