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Abstract

Plant extracts have been widely explored as a safer alternative to conventional procedures for the
manufacture of metal oxide nanoparticles. The present research concentrated on the synthesis and
characterization of Titanium dioxide nanoparticles (TiO2NPs) using an environmentally friendly green
synthesis approach (orange peel extract) compared with another technique (Sol-Gel method) at room
temperature. The TiO, nanoparticles were analyzed using an X-ray Diffraction (XRD) to determine the
polycrystalline with Tetragonal structure anatase phase and average crystallite size 30.2 nm and 24.2nm
of the sample prepared from Sol-gel and green methods respectively. FTIR spectroscopy was used to
determine the functional groups of TiO, nanoparticles and their bonding nature. UV-Vis for optical
properties shows the band gap energy of 2.85 eV and 3 eV for TiO2 nanoparticles were prepared using
sol-gel and green methods respectively. FESEM analysis identified the morphology of the surface of TiO;
nanoparticles with the diameters of nanoparticles in the range of 60-80 nm and 75-85 nm were prepared

via sol-gel and green methods respectively.

Keywords: FTIR, Green syntheses, Nanoparticles, Orange peel extract, Sol-Gel, TiO.

Introduction

Nanotechnology is an interdisciplinary field of
science that deals with developing and manipulating
things of atomic or molecular size, often less than
100 nm. It is important in a variety of applications
because of its capacity to inspect and control at the
atomic or molecular level in optics, electronics,
optoelectronic devices, and different biomedical
applications such as radiation enhancement and
gene transfer. Nanostructure materials with
intermediate sizes of 1-100 nm can be further
altered 1. The decrease in size to the nanoscale
range improved the ratio of surface-to-volume (and

hence surface energy), adsorption capacity, and
biological efficacy?® Furthermore, Nanomaterials'
physical and chemical characteristics, such as
permeability, toughness, coloring, and solubility, as
well as optic, magnetism, and thermal properties,
have improved greatly 4. Other unique properties of
nanoparticles include chemical, mechanical, and
kinetic stability, as well as decreased density
innovative nanostructured materials and
nanocomposites °, without a doubt, offer a wider
variety of applications and superior performance
than their macro/bulk counterparts. Nanotechnology
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is used in variety of disciplines, including
healthcare, cosmetics, chemicals, and energy
applications & 7. The nanocrystalline of TiO, has
received a lot of attention in recent years because of
its potential use in photovoltaic, gas sensing, and
photocatalysis *. As a result, studying the structural
and electrical characteristics of Nanocrystalline
TiO,, particularly the effect of imperfections on
electrical conductivity, is crucial in these
applications 8 At varying temperatures, it may
display three distinct phases in the nano range,
including anatase, rutile, and brookite. TiO,
nanoparticles may be synthesized using a variety of
processes, including chemical vapor deposition,
hydrothermal, solvothemal, sol-gel, and Green
synthesis. The sol-gel technique's main purpose is
the spontaneous production of a couple of phases of
material means (gel) that include a solid structure
laden with solvent from (sol) solution, consisting of
a chemical reagent or solid clusters like stabilizing
agent or an inorganic precursor °. The evaporation
of the solvent causes the gel phase to change,
resulting in the creation of the xerogel phase in bulk
solution. This feature will be important and
effective when the solution defuses the substrate's
surface 1°. However, green synthesis has gained
widespread acceptance due to the absence of
hazardous consequences generated by other
chemical techniques 1. The green synthesis method
is an environmentally beneficial technology since it
employs plant extracts peels, leaves, blooms, stems,
shoots, and pollen, for example 2. It is one of the
finest ways among physical and chemical

Materials and Methods

Materials

The materials used in this study include chemical
materials like Titanium isopropoxide (Ci2H2804Ti)
(DIREVO Industrial Biotech, Germany). Ethanol
(Eth) (99% of purity, Brazil), Nitric Acid (HNO3)
(69 %, 14.6 M, CDH, India). Orange peel was
obtained from the remnants of consumed orange
fruit, and washed all three times using deionized
water to remove all impurities.

The Preparation of TiO, Nanoparticles Using
Sol-Gel Method

As a starting material, TiO, Titanium isopropoxide
was employed. 10 ml of titanium isopropoxide
(TTIP) (96% of purity DIREVO Industrial Biotech)
was gradually added to 30 ml of Ethanol, resulting

approaches since it does not necessitate the use of
expensive equipment, toxic chemicals, or high
temperatures 2. Different plant components (stem,
leaf, flower, peel) are employed to regulate NP
aggregation and agglomeration, acting as oxidizing,
reducing, and capping agents 4. Plant extracts have
the potential to function as both reducing and
capping agents in the creation of nanoparticles. The
bioreduction  of  metal nanoparticles by
combinations of biomolecules present in plant
extracts (e.g., enzymes, proteins, amino acids,
vitamins, polysaccharides, and organic acids such as
citrates) is both ecologically and chemically benign.
The most widely produced tree fruit in the world is
the orange, especially the sweet orange. It is the
finest source of Vitamin C and is beneficial to one's
health and skin 3. It has a light yellow to orange
skin that completely protects the inner section of the
fruit. Because it includes citric acid as its principal
source, orange peel works as a reducing agent in the
manufacture of TiO,. Orange peel may be found in
bath oils, air fresheners, face lotions, insect
repellents, and weight reduction products. In this
study, TiO, was prepared using sol-gel method and
green synthesis of metal Oxide nanoparticles (TiO,)
using plant extract like Orange peel extract have
been examined due to the crucial of these methods
and the critical functions of plants in bio-based
protocols  for metal Oxide  nanoparticle
manufacturing . The main objective of this study
is to demonstrate that the green approach produces
improved nanomaterial qualities compare with sol-
gel method.

in alkoxide hydrolysis and the precipitation of
hydrous titanium oxides. Another solution was
produced by mixing 3ml of Nitric Acid (HNO3)
with 150ml of deionized water (DI) and continues
stirring for 30min at 40°C. This solution is used for
hydrolysis catalysis and it is added drop by drop to
the first solution under continuous stirring for 4
hours. In this stage the sol-gel pure solution was in
the beaker, then heated this solution for 24 hours at
100°C to remove all residual organic solvent. At the
end of this stage, a white TiO, nanoparticle
precipitate was produced at the bottom of the
beaker. The calcinations were then conducted for 4
hours at 450°C.
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Orange Peel Extract as Green Method

To produce Orange peel extract, a small piece of
fresh orange peel (50g) was mixed with 150ml of
deionized water and boil it for 2hr at 90 °C. Then
the extract was filtered using Whitman filter paper
to remove the impurities as shown in Fig 1. The
final step was to keep the extract to synthesize TiO;
nanoparticles.

\. J

Figure 1. (a Orange fruit with peel, b: Separated
Pieces of Orange peel c: In Boiling process, d:
Orange peel extract solution.

The preparation of TiO;
Orange peel extract
Titanium isopropoxide (TTIP) 8 ml was added
dropwise to 15ml of deionized water. This resulted
in alkoxide hydrolysis. The solution was stirred for
30min. at room temperature. Then, added dropwise
10 ml of Orange extract to the white solution and
stirred for 4 hr at room temperature drop by drop,
with continual stirring, the extract was added until
the pH of the solution reached 7. Nanoparticles
were created during this process. This mixture was
centrifuged and washed three times with deionized
water and dried at 90°C for 4hr. The particles were
calcined at 450°C for 2 hr to obtain TiO;
nanoparticles. The creation of dark brown powder
suggests the degradation of glucose, furfural, and
carboxylic groups and insoluble polysaccharides
that are still present in orange peel extract 1°. At the
final stage the nanopowder of TiO, could be
produced and shown in Fig 2.

nanoparticles by

Figure 2. The final white powder of TiO, prepared by A) sol-gel method and B) green method.

Characterization Technigues

Different methods were used to analyses the
prepared samples. The first technique was X-ray
diffraction used to observe the crystal structure and

phase identification of the generated samples using
(SHIMADZU Japan) XRD 6000 technique under
the conditions power diffraction system with target
Cu-Ka x-ray tube has a wavelength (A=1.5406 A).
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And the scan X-ray is performed between 20 equal
to 200 and 100> The voltage and current are
respectively 40 KV, 30 mA, the scan mode is
continuous with the speed of 5.0000 (deg. /min) and
handled by x-pert software. Another technique was
FESEM to determine the surface morphology of
specimens with high-resolution images that depend
on the density of the powder. Basically, the source
of hot filament tungsten wire emitted electrons and
accelerated by high voltage (5-20) KV in a high
energy electric field. The surface morphology of
TiO2 nanoparticles was investigated using FESEM
(ZEISS Supra 55 VP, Germany). The image of the

Results and Discussion

Fig 3 explains the phase composition and the
crystalline size of the two samples that preparation
by two different methods (sol-gel and green
approach) in the (20) range from 20° to 80°. Seven
peaks were identified in the anatase phase detected
around 20O values. The results indicated that the
structure was tetragonal poly-crystalline, and these
findings agreed well with (JCPDS card number 01-
084- 1285). Furthermore, the results indicated that
the detected peaks were responsible for the anatase
phase of TiO, NPs, and the lack of additional
diffraction peaks associated with the rutile or
brookite phase of TiO, NPs confirmed the purity of
the samples. The crystalline size of nanoparticles
that were prepared using two different methods was
calculated wusing Debye-Scherer’s equation as
specified Eq 1 below 6 -
0.94
Bcose

Where D represents the average crystalline size and
0.9 is denoted by the Debye Scherrer constant. The
fill width half maximum (FWHM) is (B) and 0 is
Bragg’s angle, A is the wavelength of e CuKa-
radiation and equal 0.154 nm. From this formula,
the crystalline size was equal to 30.2 nm and 24.9
nm using two different methods (Sol-gel and green

surface powder was created and analyzed by an
electron beam. The optical transmittance and
absorbance spectrum of TiO, nanoparticles were
measured using an optical spectrometer. The optical
properties were calculated from these optical
measurements. The specifications of this device are
(Perkin Elmer Lambda 1800 UV-Vis
spectrophotometer in a wavelength range between
300 to 1100 nm. This absorbing spectrum is using
to calculate the absorbance coefficient and the
optical band gap. Fourier Transform Infrared
Spectroscopy (FTIR) was used to determine the
functional groups of TiO, nanoparticles.

synthesis), respectively. Table 1 represents the data
of TiO; (sol-gel) and TiO: (green approach) which
is used to calculate the crystalline size of TiO;
nanoparticles and the crystalline size reduces as the
breadth of the peak grows. These data agreed well
with the research?®,

TiOz( sol-gel approach)
TiO2 (green approach)
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29°

Figure 3. XRD Pattern of TiO2 NPs prepared by
Sol-gel and green approaches.
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Table 1. The structure properties of TiO, hanoparticles prepared by Sol-gel and green approaches.

20 dhii FWHM CsS. Avarage
Sample (Deg) (A% (Deg.) kl (nm) C.S.(nm) Phase
25.35 3.507 0.1951 (101) 31.333
_ 38.12 2.484 0.21 (101) 32.385
TiO, 48.32 2.370 0.359 (004) 30.631 302 Anatase
(sol-gel) 54.33 1.892 0.47 (200) 37.928
63.08 1.689 0.219 (105) 18.986
70.01 1.479 0.244 (204) 30.026
25.37 3.507 0.18251 (101) 28.323
Tio, 34.04 2.484 0.6922 (101) 24.049
(qreen 37.92 2.370 0.1852 (004) 28.037
approach) 48.04 1.892 0.412 (200) 29.922 " Anatase
54.26 1.689 0.45 (105) 21.216 '
62.76 1.479 0.219 (204) 19.093
68.94 1.360 0.234 (220) 18.836
76.29 1.247 0.29 (215) 30.435

Fig 4 represents FESEM images in 100kx and 700x
magnification power for two powders of TiO;
nanoparticles that were prepared via two different
methods, where a) and b) represent the Sol-Gel
method and c) and d) represent the green method
using orange peel extract. The photos show
hexagonal and irregular in shape nanoparticle
crystals of varying sizes from each sample

aggregating with one another. The diameter of these
particles was in the range of 60-80 nm and 75-85
nm which were prepared via the sol-gel and the
green method, respectively. So, the spherical shape
could be assigned to TiO, nanoparticles and this is a
good agreement with XRD analysis. As a result, we
may assume that the orange peel extract covers the
surface of the TiO, nanoparticles®.

Figure 4. FESEM of the particles that were prepared via two different methods and two different
magnifications; a) and b) represent the Sol-Gel method: c) and d) represent the Green method.
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Fourier Transform Infrared Spectroscopy (FTIR)
was used to investigate the bond analysis of the
pristine TiO, Nps after calcination as shown in Fig
5 and sol-gel process as shown in Fig 6 in the range
of 500 cm™to 4000 cm?. The water molecules
representing TiO, nanoparticles' surface caused the
O-H stretching and bending vibration bond in the
range of 3500 cm? and 1500 cm™. The N-H and

carbohydrates and protein *’. Orange peel extract
contains aromatic, and lignocellulose group
characteristics bands and its centered at 1415 cmr
11163 cm™ and 922 cm™* indicate to vibration bands
of (C-C) and (C-O) groups 8. On the other hand,

99.4
Pristine TiO2

92.3

85.2

2 78.1

e~

71.0

63.9

56.8 (OH)

4000 3500 3000 2500 2000 1500 1000 500
Wave number (cm'l)

Figure 5. FTIR spectrum of pristine TiO, NPs.

C=0 groups appeared in 2779 cm™ in pristine TiO2
Nps and 2969 cm™, 2359 cm™ and, 2800 cm™ for
TiO, nanoparticles which were prepared through the
sol-gel method while this group would have
appeared in the range of 2975 cm, 2368 cm-! and
2808 cm™ for TiO, nanoparticles which prepared
through the green method as shown in Fig 7. These
groups suggest the presence of fatty acids,

All peaks that appear under 800 cmrepresent
(TOT) vibration bonds groups as a fingerprint of
TiO2 nanoparticles 3. All these peaks showed in
Table 2.

100

TiOz2 (sol-gel approach)
95

90

\ |
(N-H) (N-1)

(C=0)

75 (0-H)

\
(OH)

70
4000 3500

3000 2500 2000 1500 1000 500
Wave number (em™)

Figure 6. FTIR spectrum of TiO, NPs prepared

using sol-gel approach.

TiO2 (green approach)

(OH)

A\l
\ (0-T-0)

(C-C)

[O!JI]
T

4000 3500 3000 2500 2000 1500 1000 500
Wave number (cm‘l)

Figure 7. FTIR spectrum of TiO, NPs prepared using green approach.
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Table 2. The functional groups which appear in TiO; nanoparticles prepared using Sol-gel and green
method

Wave number of TiO,

Wave number from

Functional Wave number of TiO; (green approach) literature review No. of
group (sol-gel) (cm™) (cm) (cm) Reference
O-H 3500 3515 3400-3600 19
1500 1520 1400-1600 13
N-H 2969 2975 2930 17
2359 2368 2349
C=0 2800 2808 1698 20
Cc-C 1415 1415 1437 2
C-0 1163 922 1100 19
T-O-T 780 750 700 22
636

The optical properties of TiO, nanoparticles using
two different methods were determined by the UV-
vis spectrum. The tauc plot for the direct bandgap
was created using the absorption spectra of TiO,
NPs. shown in Fig. 9. It illustrates high absorption
at 350nm. It is worth that in the anatase phase of
TiOz, an electronic transition occurs between the
valance band of oxygen 2p and the conduction band
of (Ti) 3d%. It is obvious that the spectrum depicted
by the curve (TiO. with orange extract) shows
absorption from TiO; nanoparticle aggregates. This
might be owing to the precipitative effects caused
by the use of ethanol as the connecting network to
produce the oxide and the effect of the orange

extract on the surface of TiO, nanoparticles. The
band gap of TiO, nanoparticles was estimated by
graphing (hv)? by projecting the linear portion of
the curve to zero absorption as a function of photon
energy, as shown in Fig.5. The band gap of TiO;
nanoparticles prepared by sol-gel and green
methods were equal to 2.85 eV and 3.25 eV,
respectively, are shown in Fig.9, which is in
excellent agreement with the band gap of the
anatase phase’. The band energy of the TiO;
sample produced using the green technique was
lowered, making it appropriate for use in various
applications.

TiO2 (sol-gel approach)

—— TiO2 (green approach)

g.u)
=

Absorbance
=
.

=
o

0.0
200

400 1000 1200

00 800
Wavelength 8nm)

Figure 8. UV-Vis absorption spectra of TiO2 NPs
prepared by two different methods (sol-gel and
green method).

2.0
Egl= 2.85 —— TiO2 (sol-gel)
Eg2=3 —— TiO2 (green approach)
w15 vd
_; L
; /
1o
2
&
0.5
0.0
! N/ Yhoev) ! 5 .
Figure 9. The Tauc plot for TiO, NPs.

Conclusion

TiO2 nanoparticles were created utilizing an
environmentally benign method of synthesis known

as green synthesis. The exciting successful
production of TiO> nanoparticles is extended by
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employing orange peel extract in a green manner.
From XRD analysis, it is observed that a Tetragonal
structure with an anatase phase was formed and the
average crystallite size of the sample prepared from
sol-gel and green method was obtained 30.2 nm and
24.2 nm, respectively. The presence of several
functional biomolecules that worked as reducing
and capping agents for the conversion of TiO;
nanoparticles was shown by FT-IR findings. The

Acknowledgment

This work was supported by the Ministry of
Education of Iraqg through Middle Technical
University, Engineering Technical Collage, Fuel
and Energy Department. The authors would like to

Authors’ Declaration

- Conflicts of Interest: None.

- We hereby confirm that all the Figures and
Tables in the manuscript are ours. Furthermore,
any Figures and images, that are not ours, have
been included with the necessary permission for

Authors’ Contribution Statement

All authors of this work have participated directly in
the planning, execution, and analysis of this study.
H. F. O. and A. J. R. designed and conducted the
experiments, analyzed data, and co-wrote the

Journal Declaration:

H. F. O. is an Editor for the journal but did not
participate in the peer review process other than as

References

1. Sahani S, Sharma YC. Advancements in applications
of nanotechnology in global food industry. Food
Chem. 2021; 342: 128318.
https://doi.org/10.1016/j.foodchem.2020.128318

2. Negi G, Anirbid S, Sivakumar P. Applications of silica
and titanium dioxide nanoparticles in enhanced oil
recovery: Promises and challenges. J Pet Sci Res.
2021; 6(3): 224-46.
https://doi.org/10.1016/j.ptlrs.2021.03.001

3. Shaker DS, Abass NK, Ulwall RA. Preparation and
study of the Structural, Morphological and Optical
properties of pure Tin Oxide Nanoparticle doped with
Cu. Baghdad Sci J. 2022; 19(3): 0660-.
https://doi.org/10.21123/bsj.2022.19.3.0660

maximum UV-Visible absorption appears to be
approximately 350 nm, with a band gap energy of
2.85eV and 3 eV for TiO, nanoparticles prepared
by Sol-gel and green methods, respectively. The
hexagonal and irregular in shape particles were
confirmed through the FESEM analysis. The
diameters of TiO2 nanoparticles were in the range of
60-80 nm and 75-85 nm which were prepared via
sol-gel and green methods, respectively.

acknowledge the University of Baghdad, College of

Science, Chemical Department support from
measurement.
re-publication, which is attached to the

manuscript.

- Ethical Clearance: The project was approved by
the local ethical committee in University of
Middle Technical University.

manuscript. S. I. S. and A. A. B. assisted in device
characterizations and gave conceptual advice in data
analysis, overall manuscript editing, and writing.

an author. The authors declare no other conflict of
interest.

4. Visaveliya NR, Mazetyte-Stasinskiene R, Kohler JM.
Stationary, Continuous, and Sequential Surface-
Enhanced Raman Scattering Sensing Based on the
Nanoscale and Microscale Polymer-Metal Composite
Sensor Particles through Microfluidics: A Review.
Adv Opt Mater. 2022: 2102757.
https://doi.org/10.1002/adom.202102757

5. Pourpasha H, Zeinali Heris S, Mohammadfam Y.
Comparison between multi-walled carbon nanotubes
and titanium dioxide nanoparticles as additives on
performance of turbine meter oil nano lubricant. Sci
Rep. 2021; 11(1): 1-19.
https://doi.org/10.1038/s41598-021-90625-5

6. Hakeem HS, Abbas NK. Preparing and studying
structural and optical properties of Pbl-xCdxS

Page | 1709



https://dx.doi.org/10.21123/bsj.2023.8089
https://doi.org/10.1016/j.foodchem.2020.128318
https://doi.org/10.1016/j.ptlrs.2021.03.001
https://doi.org/10.21123/bsj.2022.19.3.0660
https://doi.org/10.1002/adom.202102757
https://doi.org/10.1038/s41598-021-90625-5

2024, 21(5): 1702-1711
https://dx.doi.org/10.21123/bsj.2023.8089
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

g

Baghdad Science Journal

nanoparticles of solar cells applications. Baghdad Sci
J. 2021; 18(3): 0640-.
https://doi.org/10.21123/bsj.2021.18.3.0640

7. Hano C, Abbasi BH. Plant-Based Green Synthesis of
Nanoparticles: Production, Characterization and
Applications.  Biomolecules;  2021. p. 3L
https://doi.org/10.3390/biom12010031

8. Gruji¢-Broj¢in M, S¢epanovi¢ M, Dohéevi¢-Mitrovié
Z, Popovi¢ Z. Infrared study of nonstoichiometric
anatase TiO2 nanopowders. Sci Sinter. 2006; 38(2):
183-9. https://doi.org/10.2298/SOS0602183G

9. Rahma A, Oleiwi H, Khaleel S, Mutter M, editors.
Morphology, Structure, and Optical Properties of
ZnO nanorods/Eosin-y Grown via Microwave-
assisted Hydrothermal Method. 10P Conf Ser: Mater
Sci Eng. 2021: I0P Publishing.
https://doi:10.1088/1757-899X/1095/1/012007

10. Kozuka H, Kuroki H, Sakka S. Flow characteristics
and spinnability of sols prepared from silicon
alkoxide solution. J Non Cryst Solids 1988; 100(1-3):
226-30. https://doi.org/10.1016/0022-3093(88)90022-
1 Get rights and content

11. Iravani S. Green synthesis of metal nanoparticles
using plants. Green Chem. 2011; 13(10): 2638-50.
https://doi:10.1039/C1GC15386B.

12. Hassan AK, Atiya MA, Luaibi IM. A Green
Synthesis of Iron/Copper Nanoparticles as a Catalytic
of Fenton-like Reactions for Removal of Orange G
Dye. Baghdad Sci J. 2022; 19(6): 1249-1264.
https://doi.org/10.21123/bsj.2022.6508

13. Rao KG, Ashok C, Rao KV, Chakra CS, Rajendar V.
Synthesis of TiO2 nanoparticles from orange fruit
waste. Int J Adv Multidiscip Res. 2015; 2(1): 1.
https://doi.org/10.1039/C1GC15386B

14. Davar F, Majedi A, Mirzaei A. Green synthesis of
ZnO nanoparticles and its application in the
degradation of some dyes. J Am Ceram Soc. 2015;
98(6): 1739-46. https://doi.org/10.1111/jace.13467

15. Girisuta B, Janssen L, Heeres H. A kinetic study on
the decomposition of 5-hydroxymethylfurfural into
levulinic acid. Green Chem. 2006; 8(8): 701-9.
https://doi.org/10.1039/B518176C

16. Rao KG, Ashok C, Rao KV, Chakra C, Tambur P.
Green synthesis of TiO2 nanoparticles using Aloe
vera extract. Int J Adv Res Phys Sci. 2015; 2(1A): 28-
34. https://doi.org/10.1080/17518253.2018.1538430

17. Amanulla AM, Sundaram R. Green synthesis of TiO2
nanoparticles using orange peel extract for
antibacterial, cytotoxicity and humidity sensor
applications. Mater Today: Proc. 2019; 8: 323-31.
https://doi.org/10.1016/j.matpr.2019.02.118

18. Orozco RS, Hernandez PB, Morales GR, Nufiez FU,
Villafuerte JO, Lugo VL, et al. Characterization of
lignocellulosic fruit waste as an alternative feedstock
for bioethanol production. BioResources. 2014;
9(9):1873  https://doi.org/10.15376/biores.9.2.1873-
1885

19. Ledn A, Reuquen P, Garin C, Segura R, Vargas P,
Zapata P, et al. FTIR and Raman characterization of
TiO2 nanoparticles coated with polyethylene glycol
as carrier  for  2-methoxyestradiol.  Appl
Sci. 2017, 7(2):

49; https://doi.org/10.3390/app7010049

20. Chen W, Qian C, Liu X-Y, Yu H-QJEs, technology.
Two-dimensional correlation spectroscopic analysis
on the interaction between humic acids and TiO2
nanoparticles.Sci Technol. 2014; 48(19): 11119-26.
https://doi.org/10.1021/es502502n

21. Satti SH, Raja NI, Ikram M, Oraby HF, Mashwani Z-
U-R, Mohamed AH, et al. Plant-Based Titanium
Dioxide Nanoparticles Trigger Biochemical and
Proteome Modifications in Triticum aestivum L.
under Biotic Stress of Puccinia striiformis. molecules.
2022; 27(13): 4274,
https://doi.org/10.3390/molecules27134274

22. Chen Q, Yakovlev NLJASS. Adsorption and
interaction of organosilanes on TiO2 nanoparticles.
Appl Surf Sci. 2010; 257(5): 1395-400.
https://doi.org/10.1016/j.apsusc.2010.08.036

23. Lin Z, Orlov A, Lambert RM, Payne MCJTjopcB.
New insights into the origin of visible light
photocatalytic activity of nitrogen-doped and oxygen-
deficient anatase TiO2. J Phy Chem B, 2005;
109(44): 20948-52. http://doi.org/10.1021/jp053547¢

Page | 1710


https://dx.doi.org/10.21123/bsj.2023.8089
https://doi.org/10.21123/bsj.2021.18.3.0640
https://doi.org/10.3390/biom12010031
https://doi.org/10.2298/SOS0602183G
https://doi:10.1088/1757-899X/1095/1/012007
https://doi.org/10.1016/0022-3093(88)90022-1
https://doi.org/10.1016/0022-3093(88)90022-1
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=0022309388900221&orderBeanReset=true
https://doi:10.1039/C1GC15386B
https://doi.org/10.21123/bsj.2022.6508
https://doi.org/10.1039/C1GC15386B
https://doi.org/10.1111/jace.13467
https://doi.org/10.1039/B518176C
https://doi.org/10.1080/17518253.2018.1538430
https://doi.org/10.1016/j.matpr.2019.02.118
https://doi.org/10.15376/biores.9.2.1873-1885
https://doi.org/10.15376/biores.9.2.1873-1885
https://doi.org/10.3390/app7010049
https://doi.org/10.1021/es502502n
https://doi.org/10.3390/molecules27134274
https://doi.org/10.1016/j.apsusc.2010.08.036
http://doi.org/10.1021/jp053547e

2024, 21(5): 1702-1711 ‘D
https://dx.doi.org/10.21123/bsj.2023.8089 )%,

T

P-ISSN: 2078-8665 - E-ISSN: 2411-7986 Baghdad Science Joufnal

Ciliy Ja yadaail JUS pl) a8 aladiuly ¢ padd) 48y yhal) g Sol-gel Al ¢y 45 e Al o
455U (TiO2) psHlial) s o)
Yoty e e Splua lae algu PAan )y Jla Jl dig gale Juald aia

LGloall clasy calarg dadls (il HLJ\ 4l (el ) (.\.uél

Bl ey s sl AL Aol csnssig il A0S AL 5 38 ) Asria 2
) pal alns i peaioaall daalalle dussigll AS3

) el s 1) Al Amalal) ciaig Al IS4

dadal)

Ol 3pulSY 4 il i) aieat) il cile) ja Dl Blel ST Jaas a5 Gslas e 4l clialaiil) Calasil o3
paliine) Lnll Braa el plasiuly (TIONPS) Al o silinl) 2l A iy S a5 gl (o Jlad) @l 58
g aladiuly 4000 TjO, iy ja dilad o 4 jall 5 )) a4 3 3 (Sol-Gel 48 k) (5 Al Ay 4 jlie () i
242 5 5iasli30.2 sk aaa Jansie s W5 3l el ) JSued anatase sh ae <l sl aaie sl (XRD) i) 423Y)
(FTIR) &) yendl coni 4283 5y )58 ddlihae Jilas () 5il) o o) juadl) 48y 5kl 5 Sol-gel (e 3 waaall diall (o jia i
Lol L) 58 WSV jelal Ll el auSy) Glamal Ll aulaall 3aaty jeal Y dapls 3 e
ALl Clapall cil g o S 3 5 b o058 2,85 n S Bl 55a8 Al ) (UV-Vis)i paidl pailiadll
chad a5l sall JSil FESEM dilad 2 sl e ol juadd) 43y 5kl 5 s0l-gel ok aladinly b juasd &3 TIO,
sol-gel Gk e W jacast i jiasili 85-75 5 e sl 80-60 2s3a (b 45l Clasall Ul 4 5 TiO, Clasens
(5 e o) padl) 48 Hhall

cda-d g ¢ JE ) 038 Galdiia iy gl Claswad) ol puadl) 45y 5l ool yeall i 423Dy ) 68 Jalsd ;igal.ﬁ.d\ calalsly
Al auS o) AU

Page | 1711


https://dx.doi.org/10.21123/bsj.2023.8089

