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Abstract

Green synthesis of semiconductor nanomaterials has emerged as a sustainable
alternative to conventional chemical routes due to its environmental compatibility,
low cost, and simplicity. In this study, titanium dioxide (TiO2) nanostructures
were successfully synthesized using Fagonia indica leaf extract as a natural
reducing and stabilizing agent. Size, FTIR, UV-Vis Spectroscopy, and SEM were
all used to characterize the produced Fg-TiO2 NPs. FTIR analysis, by revealing
distinct absorption peaks in various locations, proves that leaf extract contributes
to the production of F¢'TiO2 NPs. Using a UV-Vis spectrophotometer set at 273
nm and bandgaps of 3.15 eV and 3.26 eV, we verified the excitation of the green-
synthesized Fg-TiO2 NPs. When the growth of FgTiO2 nanoparticles on FTO
substrate become scattered. A DSSC based on film B, has power conversion
efficiency of 4.45%, which is 24% greater than the power conversion efficiency of
film A. Also increase in other parameters of DSSC just like open circuit voltage,
fill factor and current density. The values for fill factor, open circuit voltage and
current density in Film A, are 0.62V, 0.59 and 6.9 mA/cm2 respectively. The
values for fill factor, open circuit voltage and current density in Film B, are

0.69V, 0.63 and 8.04 mA/cm2 respectively.

INTRODUCTION

The rapid growth of global energy demand and the
environmental concerns associated with fossil fuel
consumption intensified
renewable and sustainable energy technologies.
Among various renewable energy sources, solar
energy has gained considerable attention due to its
abundance, cleanliness, and long-term viability [1].
However, the development of efficient, low-cost, and
environmentally friendly solar energy conversion
devices remains a major scientific and technological
challenge. Dye- sensitized solar cells (DSSCs),

have research  into

introduced by O’'Regan and Gritzel, represent a
promising third-generation photovoltaic technology
owing to their low fabrication cost, simple
processing techniques, and good performance under
diffuse light conditions [2].

Nanoscience and technology are frequently the
human and  creativity.
Nanotechnology is the study and manipulation of
matter at dimensions ranging from 1 to

100 nm, where special phenomena allow for novel
applications [3]. Although nanoparticles have always

results  of dreams
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existed, their exposure increased dramatically during
the industrial revolution. Nanomaterials research is
not brand-mnew. “Richard Zsigmondy”, the 1925
winner of the Nobel Prize in chemistry, was the one
who initially coined the term "nanometer" He was
the first to use the microscope to measure the size of
particles like gold colloids, and he also invented the
term nanometer specifically to describe particle size.
Richard Feynman was the inventor of modern
nanotechnology. Nanotechnology is the ability to
manage and restructure matter at the atomic and
molecular levels between 1 and 100 nm by taking
advantage of the unique properties and phenomena
that exist there as opposed to those that are
connected to different atoms or molecules or
unpackaged behavior [4]. A material is called a
nanomaterial if it has one measurement in the
nanoscale range of 1 to 100nm. Nanomaterials have
emerged as an intriguing class of materials with a
wide range of wuses. Nanotechnology boosts
productivity and longterm consistency while
remaining inexpensive, allowing for the production
of low-cost goods [5]. Materials with all of their
dimensions at the nanoscale are known as zero-
dimensional nanomaterials, which never exceeds
from 100 nm [6].

The future success of this new technology depends
on the synthesis of nanomaterials, and in theory,
there are two primary kinds of nanomaterial
synthesis methods: both top-down and bottom-up
strategies [7]. Nanoparticles' chemical characteristics
are crucial. Oxidation, toxicity, antibacterial, and
disinfectant are some of the chemical characteristics
of nanomaterials. The size of nanoparticles also
affects their chemical characteristics and alters in
terms of size. The smaller nanomaterials have more
atoms on them as their surface area is greater than
that of bulk materials [8]. As a result, nanomaterials
are more reactive. The following are a few examples
of chemical properties when compared to other bulk
materials:

Surface properties of nanomaterials are influenced
by the availability of up to 50% of atoms.
Nanomaterials have more atoms on their surface
than large structures, which increases their average
energy [9]. For instance, compared to bulk materials,
nanoparticles exhibit higher catalytic activity. Per
atom, the nanomaterials exhibit more chemical

activity. Unveiled surface Comparing bulk materials
to nanomaterials, the catalytic activity diminishes.
The increased chemical activity is caused by the
many atoms that are exposed to the exterior [10].
Roy, Komarneni, and their fellow coined the term
"nanocomposites" for the first time in 1982-1983.
Nanocomposites are bifunctional materials with a
huge number of individual phase domains and a
small number of phases with nanoscale dimensions
[11]. Nowadays, nanocomposites have emerged as
advantageous options for overcoming the limitations
of various engineering materials. They are referred to
as the materials of the twenty-first century because
they have design characteristics and property
combinations that traditional composites do not
have. Dispersion phase materials or dispersed phase
materials can be used to classify nanocomposites.
Through this expanding field, it is now possible to
create new materials with advanced properties using
novel synthetic methods.

2. LITERATURE REVIEW

In 2017, Ullattil et al., explains a rapid and efficient
synthesis of mesoporous anatase TiO2 nanoparticles
for use in DSSCs was achieved using a microwave
method. The approach involved applying low
microwave power intensities (301 and 601 W) for 5
minutes of irradiation. Characterization techniques
analysis long-established the nanocrystalline anatase
nature of the synthesized nanoparticles, with high
surface area up to 210 m2/g. These nanoparticles
exhibited excellent performance as the working
electrode in DSSCs, achieving an efficiency of 6.6%
under  100%  sunlight illumination  and
demonstrating a 55% IPCE (incident photon-to-
current efficiency) [16]. In 2019, Maurya et al,,
reported TiO2 NPs were successfully synthesized
from Titanium (IV) butoxide solution using an
environmentally friendly approach involving Bixa
orellana seed extract. This method offers a low cost
and eco-friendly alternate to conventional chemical
and physical methods, which often involve toxic
solvents and high energy consumption [16]. In 2018,
Sharma et al.,
environmentally friendly approach for synthesizing
TiO2 NPs using the
green/alga/Chlorella/pyrenoidosa. These
nanoparticles were then combined with GO to

introduces an innovative and
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create a TiO2-GO [29]. In 2016, Mohan Kumar et
al., introduces a straightforward and
environmentally friendly approach to synthesizing
Sulphur/doped TiO2 MSs using a direct self-
assembly process. Through ultrasonication of
TiOSO4 in aqueous media followed by refluxing, S-
TMS structures are formed, where sulphate ions
fashioned during the reaction act as a cause for
sulphur doping. Despite the acidic pH conditions,
the increased availability of sulphate ions favors the
development of a pure anatase phase, as confirmed
by XRD, while the resulting S-TMS structures with
microrods containing self-assembled nanorods were
verified using microscopy techniques [30]. In 2021,
Isnaeni et al., shows green synthesis method was
employed to produce TiO2 NPs by hydrolyzing
TiCl3 using mango/peel extract as the reducing
agent. The reaction occurred in an aqueous solution
under acidic situations at 80 °C for 24 hours.
Through the manipulation of the extract-to-TiCl3
ratio, the crystal structure of the TiO2 NPs were
controlled, with an increase in the extract content
leading to a decrease in product characteristics and
phase composition. Specifically, employing 5 mg of
extract resulted in 100% rice-grain-like rutile NPs
(28 nm), while using 15 mg yielded 100% anatase
spherical nanoparticles (~ 17 nm) [13].

In 2021, Aslam et al., processed nanoparticles (NPs)
possess valuable properties for diverse applications,
but traditional production methods often pose
health and environmental risks [31]. In 2022, Roy et
al., explains the increasing interest in nanoscale
materials stems from their unique properties in
various domains such as chemistry, physics, optics,
and mechanics. Titanium dioxide (TiO2) stands out
due to its non-toxic nature, corrosion resistance, and
thermal stability, leading to applications like
photocatalysis, solar cells, self/cleaning surfaces, and
wastewater treatment [32]. In 2021, Narayanan et
al., investigates the potential of using the aqueous
leaf extract of Pouteria campechiana to synthesize
TiO2 NPs and assesses their larvicidal-and-pupicidal
actions against Aedes aegypti mosquitoes. Results
revealed successful TiO2 NP synthesis through
analysis, displaying a distinct peak at 325 nm. SEM
analysis showcased spherical TiO2 NPs, while XRD
revealed five distinct diffractions characteristic of

TiO2 [17]. In2020, Irshad et al.,, compares the

production of TiO2 NPs using green methods with
plant extracts of Trianthema portulacastrum and
Chenopodium quinoa, and a conventional sol-gel
method (T1). The synthesized TiO2 NPs were
characterized using advanced techniques. The
antifungal activity of these TiO2-NPs was evaluated
against Ustilago tritici, a toxic plant pathogen
causing wheat rust. Results demonstrated successful
TiO2-NP synthesis with all methods, but the green
approach, particularly using Chenopodium quinoa
extract, exhibited the most potent antifungal activity,
suggesting its potential for largescale and
environmentally friendly TiO2-NP synthesis with
versatile applications [14]. In 2022, Sunny et al.,
reported biosynthesized nanoparticles have gained
significant attention for their diverse applications,
with plants being a prominent source for green
synthesis due to their ecofriendly nature. TiO2
nanoparticles are extensively used in consumer
products and nanotechnology, and this review
provides insights into their green synthesis,
characterization, and current applications [33]. In
2018, Boro et al., focuses on DSSCs, a promising
third-generation-photovoltaic technology known for
its low cost, stability, non- toxic manufacturing, and
design flexibility. The review delves into advanced
methods and research trends involving the
combination of ZnO with TiO2
nanostructures. Bridging the efficiency gap among
conventional silicon solar cells and DSSCs is a key
research area, driving the quest for efficient
photoanodes. Engineered nanostructured metal
oxide  photoanodes, particularly TiO2/ZnO
nanocomposites in  diverse  structures like
nanodonuts, nanoflowers, and 3D hierarchical
heterostructures, enhance DSSC performance with
improved  electron  transfer  rates, charge
recombination reduction, and larger surface areas.
Their efficiency parameters fall within ranges that
highlight their potential for enhancing DSSC
performance [12]. In 2021, Irshad et al., shows
nanotechnology's broad applications have generated
global interest, with titanium dioxide (TiO2)
nanoparticles being extensively used and synthesized
through various methods. Green synthesis offers a
nontoxic, low cost, and environmentally friendly
approach. This review compiles data on various
synthesis techniques, emphasizing the superiority of

in various
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green methods due to reduced precursor usage, time
efficiency, and energy conservation. The review
discusses plant, microorganism, and biological
derivative sources employed in TiO2 NP synthesis,
highlighting their applications in water treatment
and plant physiology enhancement under abiotic
stress conditions. The review also outlines future
directions for enhancing TiO2 NP production and
its reliable applications [15]. In 2018, Subhapriya et
al., shows the biosynthesis of nanoparticles has
gained significant attention for its environmentally
friendly, cost-effective, and renewable approach. This
study focused on the biosynthesis of TiO2 NPs
involving the aqueous leaf extract
“Trigonella/foenum/graecum”. Characterization
techniques were employed to analyze the synthesized
TiO2 NPs. The Xray diffraction confirmed the
presence of TETiO2 NPs, with peaks at 25.28
corresponding to the anatase phase. HR-SEM
observations revealed spherical nanoparticles with
sizes ranging from 20 to 90 nm, while antimicrobial
assays using the Kirby-Bauer method demonstrated

significant antimicrobial activity of the TF- TiO2
NPs against all tested microorganisms [40].

3. MATERIALS AND METHODS

This research was carried out in response to the
growing need for environmentally friendly
technologies. All chemicals used in this study were
of analytical grade and were utilized without further
purification. Titanium dioxide precursor materials,
tin chloride (SnCl2), ethanol, acetone, and other
reagents were obtained from standard commercial
suppliers. Fagonia indica leaves were used as a
biological reducing and stabilizing agent. Fluorine-
doped tin oxide (FTO) glass substrates were
employed for photoanode fabrication. Double-
distilled  water was used throughout the
experimental procedures.

The data are shown in the table that can be seen
below.

3.1 Required Chemicals

The compounds listed below are those employed in
the TiO2 production process.

Table 2.1: Chemical required for the synthesis of Fg-TiO2 NPs

Sr.no Name of Chemical [Formula Brand
Titanium Dioxide Powder Titanium Dioxide Sigma Aldrich
Powder

02 Tin Chloride SnClI2 Sigma Aldrich

03 Ethanol CH3CH20H

04 Fogonia Indica Powder Sigma Aldrich

05 Acetone CH3COCH3

06 double distilled water H20
3.1.1 Apparatus 11. Magnetic Stirrers
For the experimental work of TiO2 NPs, the 12. Autoclave
following apparatus is used: 13. Oven
1. Electronic Balance 14. Crucible Cups
2. Magnetic Stirring
3. Spatula Pyre brand-made glassware, including the conical
4. Beakers flask, funnel, beaker, and measuring cylinder. The
5. Dropper materials were covered with a silicon coating to
6. Micro-Pipettes prevent contaminants from seeping in. The reagent
7. Eppendorf Tubes sucker is where you put the exact quantity. The
8. Centrifuge Machine stirring was done using a magnetic stirrer. The
9. Thermometer temperature was monitored and kept steady with the
10.Whatman filter papers
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use of a thermometer. The NPs are ground into a
powder using a mortar and pestle.

3.1.2 Plant collection

The part of the plant known as the Fogonia
responsible for its botanical characteristics was
gathered from the wall surrounding Bahawalpur.
The obtained plant specimen was analyzed to
determine its species.

e ———————

Plant Extract Ready for Synthesis |‘— - }

3.1.3 Preparation of plant Extract

The powdered form of Fogonia Indica is first
measured by weight. Fill a beaker with distilled water
and add the powder. For 10 minutes, use a hot plate
to maintain a temperature of 100 degrees Celsius.
Let it cool, then strain it using Whatman filter

paper.

pala)i{ uonnjo§

Figure 2.1: Schematic Diagram of preparation of plant extract

Lo
s T,
R »
R @y,
o %,
= Stirred and Heating
3.2 Green synthesis of Titanium

Dioxide Nanoparticle

TiO2 green NPs were synthesized by creating
a powdered TiO2 solution. We prepare 0.08
M, and 0.16 M solutions, each with a unique

Beaker containing
Distilled Water
solution

Solution ready for the o=
T -

stirring well to dissolve
powder into fine

concentration. A plant extract of Fogonia
Indica, measured to be 60 ml, is added to 300
ml of TiO2 powder solution in a beaker. The
mixture is stirred constantly for 4 hours to
produce a range of molarity samples.

o

Sonicate solution to
dissolve properly

e

Figure 2.2: Schematic Diagram of preparation of Titanium oxide
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Table 2.2: Shows the quantity used during each reaction.

Sr. Sample The molarity of TiO2 The volume of TiO2 [[mportance of Plant Extract
No name used used used

1 A 0.08 M 300 ml 60 ml

2 B 0.16 M 300 ml 60 ml

The produced nanoparticles remain in the dark
for 24 hours after being stirred for 4 hours
continuously.  Protect the beaker from
contamination by rapping it with a silicon sheet

to absorb any lingering impurities. After the
nanoparticles have dried, they are ground into a
powder using a mortal pistal. The next step is to
characterize this powder.

TR0

=2 —

’

o= s e hen
=

plant p
extract Continuous

TiO2 solution s ,‘ g

stirring of 4 hr Leave the syn’t-hesized

Dry the NPs in
Heating Oven

Grinde the NPS\\-.‘-.. -
into fine powder 2

NPs for 24 hr in Dark

Centrifuge to obtain
powder form

__

v

Transfer NPs powder
for Characterization

Figure 2.3: Schematic Diagram of Green Synthesis of Titanium Dioxide Nanoparticles

3.3 Characterization

3.3.1 Ultraviolet-Visible Spectroscopy
UV.visible spectroscopy is one of the simplest,
economical and efficient employed techniques to
characterize quantitatively inorganic as well as
organic nano sized materials with a length not
less than 2 nm [18]. UV-Visible (UV-vis)
spectroscopy is used to study the optical
properties of materials in which change in
absorbance is taken as a function of wavelength.
By absorbing UV and visible light molecules
holding non-binding electrons gets excited to

higher antibonding molecular orbits. UV-Vis
spectroscopy diverges from IR spectroscopy,
however, in IR spectroscopy, molecules undergo
vibrational transitions in the IR region. The
intensity of light from the source is firstly
measured by the detector and again same light is
measured after being transmitted from the
sample. The difference between light from the
source and transmitted light from 27 the sample
gives absorbance of that sample. Finally,
absorbance versus wavelength is plotted to
analyze the optical properties [19].
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v B
Light Collimator  Prism or
Source Grating

Wavelength  Sample  Detector

Selector  Solution

Figure 2.4: Process flow diagram for UV-Visible spectroscopy [76].

The Beer-Lambert equation is a mathematical
formula that relates an absorbers concentration,
absorbance and path length. It's stated as;

(x) = I,10—ax

Where;

I(x) = Later, as light passes through the thickness
X, its intensity decreases.
I, = Original light
proportionality constant

intensity and  the

Tungsten target
Copper anode

volitage

X-Ray Diffraction Method

3.3.1.1 Production of x-ray

In order to produce Xrays, thermal electrons
from a tungsten filament
accelerated towards and eventually collide with a
metal with a high potential. The
retardation of these electrons as they penetrate
matter is the most crucial mechanism for the
production of X-rays. According to Maxwellian
theory, a continuous spectrum is generated for
each variation in the velocity of a charged particle

(20].

in vacuum are

anode

Electrons

Evacuated envelope

Heated tungsten
filament—cathode

3\ —
/ voltage
1

—+ -
High voltage

x-rays source
Figure 2.5: X-ray tube
3.3.1.2 Introduction of Xwray Diffraction thinfilm properties for the manufacturing of

Method

XRD has been used extensively to evaluate the
structural and microstructural features of these
materials. It can be used to analyze a variety of

semiconductors. These are some of them:

. The proportion of crystallinity in

nominally amorphous films is measured.
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. The composition of crystalline material is
measured.

. Crystalline material's grain  size s
determined.

. Evaluation of the crystalline material's
stress.

. A polycrystalline material's

crystallographic texture, or the distribution of
crystallite orientations, is measured.

3.3.1.3 Principle of x-ray diffraction

A regular arrangement of atoms is known as
crystalline material. When X-rays collide with
crystalline material, they can interact in a number
of different ways. So, elastic scattering or
Thompson scattering occurs when the energy of
an entering and exiting photon is the same.
Constructive or destructive interference occurs
when radiation is emitted. Peaks from
constructive-interference diffraction are collected
and analyzed. In contrast to destructive
interference, constructive-interference follows
Bragg's law.

o @ @

Figure 2.6: Geometrical representation of Bragg’s law.

3.3.2 Fourier-THnsfrequbnframad $peateostapy recorded in wave

FT-IR analysis uses infrared light to scan samples
to detect their organic, inorganic, and polymeric
compositions. A sample is passed through 100-
10,000 cm-1 infrared light, some of which is
absorbed and part of which passes through. The
absorbed radiation is converted to vibratory or
rotational energy by the sample. As a result, the
detected signal exhibits a spectrum ranging from
4000 to 400 cm-1, that indicating the samples'
molecular fingerprint. Fourier Transform Infrared
has become a useful technique for chemical
identification because every component has its
unique identity [21].

3.3.2.1 Basic Principle of FT-IR
Infrared radiation strikes a sample, which absorbs
light and induces a number of vibrational modes.

numbers between 600 to 4000cm-1, and the
absorption frequency is directly proportional to
the nature of bonds present in the molecule. The
FTIR spectrum is measured as wave number
because energy and frequency are directly related
to wave number. To reduce air and water vapor
contamination peaks, the environment is recorded
before the sample analysis. The ratio of the
environment and sample spectra is directly
proportional to the absorption spectrum of the
sample. The absorption spectra of the sample
molecule revealed the different bond vibrations.
As a result, this method makes it simple to identify
the functional group in a molecule.
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3.3.2.2 Instrumentation

Detector, amplifier, an IR source, interferometer,
testing chamber, and computer are all part of a
conventional FTIR spectrometer. As the sample
travels through the interferometer and eventually

falls on the detector, it is exposed to radiation
from the light source. The interferogram is finally
transformed into a spectrum using the fast Fourier
transform procedure[22-25].

Fixed Mirror

Beam Splitter

IR Source

Mirror

Laser

Laser Diode

Sample cell

Detector

Figure 2.7: Schematic diagram of an FTIR spectrometer.

3.3.2.3 Interferometer

The optical device known as an interferometer or
interference meter is a major component of the
FTIR instrument as shown in figure. In the
interferometer, light from an infrared source was
separated into two light beams. The variation in
distance travelled by the 2 light rays is known as
the Optical Path-difference. When the first path is
0.04m long and the second path is 0.1m long,
then optical path difference is 0.04 - 0.1m = 6m.
The condition zero path difference occurs if the
beam splitter is at the same distance between the
moving and fixed mirrors and separation between
the two light beams is the same in the
interferometer. So, it is the most popular form of
interferometer used in FTIR nowadays [26, 27].

3.3.2.4 Sample-Holders in FTIR
FTIR spectrometer uses a variety of sample
containers, as described below.

3.3.2.5 Universal Sample Holder

The techniques to allow placing potassium
Bromide pellets, salted plates, films, and many
other samples is called springloaded technique.
The holder's aperture is 10- 20mm, and it allows
for precise sample holding.

3.3.2.6 Heavy-Duty Magnetic Film Holder
Polymer materials are used to make such kind of
holder. This type of holder has a 20 mm hole and

a large steel plate.

3.3.2.7 Magnetic Film OR Pallet Holder
Potassium Bromide pellets and thin polymer films
are placed in this kind of container. It is made up
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of an elastic magnetic strip and a steel plate. It is
used to hold thin polymer films with a diameter of
0.5 mm and potassium Bromide pellets with a
thickness of 13 mm.

3.3.2.8 4 Press-on demountable cell holders

This type of holder is used to examine into mull
and smear samples. There are two sizes available:
25 mm and 38 mm. Each holder has a mounting
plate and pressure cap.

3.3.2.9 5 Single Pellet holder

Due to the 7 mm pellets, this type of sample
holding is more suitable than the dual- pellet
holder. This technology had been used in the two
types of pressers

¢ Pike Technologies Pallet Press

¢ DPixie Hydraulic Pallet Press.

3.3.2.10 Dual-Pellet holder

It has Imm, 3mm, and 7 mm Potassium Bromide
pellet semicircular supports with holes, which can
be used for pellets of the indicated size. Low-cost
sample holders are pike Technologies Sampling
Cards. They were used to evaluate polymers, films,
and Potassium Bromide pellets (13 mm).

3.3.2.11 Bolt-Press and Gas Cell Holders
Large sample and salt plate holders are placed in
these holders. These holders are organized into

400 S0 GO0 To0
Wavelength (nm)

EI—III 3-13“

|00

three different styles. Each has a supporting rod
with various sized fasteners that can be quickly
separated. [34].

RESULTS AND DISCUSSION

4.1UV-Visible Spectroscopy Analysis

FgTiO2 NPs, generated in a green synthesis, are
characterized by  ultraviolet and visible
spectroscopy. UV-Vis spectroscopy is used to assess
produced samples' electronic structure and optical
characteristics. Therefore, it was the primary
approach to monitor the reduction of pure Fg-
TiO2 NPs after diluting the solution.
Nanoparticles' ability to absorb light is quantified
by analyzing their visible absorption spectra.
Figure4.1 shows that the assynthesized FgTiO2
NPs exhibited UV-Visible absorption spectra at
224 nm and 273 nm [35]. With a direct energy
band gap, the optical energy band of a metal oxide
may be calculated as follows: Let k be a constant;
let is the absorption coefficient; let Eg be the
energy band gap; and let n be 1; this gives us the
optical energy band. Using the tauc plot of (hv)2
against photon energy, the energy band gap may be
calculated (hv). When n is 1, the band gap is
shown explicitly by the point where the tangent to
the tauc plot intersects. Preparation of Fg-TiO2
NPs yields a band gap of 3.15 eV and 3.26 eV,
close to 3.2 eV, the same as bulk Fg-TiO2 NPs [36]

150

160 | e F -T2~ 1
——F g-Tilr2-2

140 -

=
=

(ah) eV iem)?
s ek

=
=

Eg=3.26 &V
Eg=3.15 eV groie e
20 . - ' v .
15 Y 25 30 a5 40
BW(EV)

Figure 1.1: UV-Visible spectroscopy of Fg-TiO2 NPs showing band gap and absorption peaks.

4.2 X-Ray Diffraction Analysis

According to the XRD pattern, the produced
nanoparticles are of FgTiO2 NPs. Miller indices of
(101), (110), (103), (004), (112), (200), (105) and

(211) for the Titanium dioxide lattice planes in the
XRD patterns for the pure crystalline metallic phase
Fg-TiO2 NPs suggest a small degree of variation for
the tetragonal structure, which is observed at the
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diffraction peaks of the synthesized angles of TiO2
NPs are around 24.78°, 28.30°, 34.80° 36.61°,
38.099, 47.16°, 58.46° and 59.61°. The particle size
distribution of Fg- TiO2 NPs is responsible for the
modest shifting (concerning JCPDS No. 21-1272
and 21- 1276). The rate of crystallinity is increased
by showing an increase in the diffraction peaks [37].

4.3 Calculation of the Average Lattice Size of TiO2
NPs
The prepared samples lattice size (D) may be
determined using the DebyeScherrer equation,
which has the following numerical form

Where,

D =0.9 xx\BC0OS6

X = is the X-ray wavelength used in the experiment.
B = maximum intensity at half width

6 = Braggs angle

According to the Scherer formula, D has values of
41.6 nm and 42.47 nm FgTiO2 NPs respectively.

(101)

(004)

(112)

Fe-Tilrs-2
Fg-Tit2-1

=
(109
(211

Intensity

20 25 30 35 40

45 S0 55 &0 P

2 Theta
Figure 1.2: XRD pattern of Fg-TiO2 NPs showing the structure of crystallite

4.4 Scanning Electron Microscopic Analysis
To obtain accurate visual surface images of
samples, is an essential approach. While acquired
topography describes the surface characteristics of
the target material, such as its texture,
smoothness and roughness, morphology in SEM
photographs specifies the shape and size of the
object. Images of TiO2 nanoparticles by the

molarity of Fg-TiO2 used as 0.08 M were taken
using a scanning electron microscope (SEM). Fg-
TiO2 (0.08 M) material is shown in Figure 4.3
using SEM images which shows that multifaceted
cuboctahedral. The morphology of Fg-TiO2 (0.08
M)  material which is constructed and
agglomerates, and the synthesized nanoparticles
were in nanometer scale with size of 122 nm.

2 @ Particle Size 122 nm

Count

60 s0 100 120 140 160 180
Particle Size (mm)

Figure 1.3: SEM images with Histogram of FzTiO2 (0.08 M) nanoparticles in nanometers.
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4.5 Energy Dispersive X-Ray Analysis

Figure 4.4 shows the elemental mapping of the
elements found in the prepared sample of Fg-
TiO2 nanoparticles. The EDX results show that
there is 75.35% oxygen due to the absorbed
moisture and 24.65% titanium. From the
elemental mapping, it is obvious that for Fg-

4.6 FTIR Analysis

The presence of functional groups that were
reasonable for reducing FgTiO2 NPs was
analyzed using FTIR. Figure 4.5 shows the results
of an FTIR spectrum analysis performed to verify
the chemical compound formation between
TiO2 NPs. Figure 4.5(a, b) displays the FTIR
spectra of the Fogonia and Fg-TiO2 NPs samples,
respectively. Band  strengths at  different
wavelengths may be seen in the FTIR spectrum of
produced Fg-TiO2 NPs. Figure 4.5(a) shows peaks
between 983.08 and 1189.02 cm-1, a frequency
range associated with stretching vibrations in the
Ti-O-Ti bonds[100]. The C=0O vibrations of
carboxylic acid are indicated by the peak at 1074
cm-1 in frequency [28]. The peak at 1121 cm-1 is
the extended vibration of the C-O group, which
suggests tertiary alcohol[100]. The stretching of
O-H bonds and hydrogen bonds is likely
responsible for the appearance of a tiny
absorption peak at 2922.70 cm-1. One of the
stretching vibrations of Ti-O-Ti may be seen as a
slight peak at 1450 cm-1. As shown in Figure 4.

TiO2 nanoparticles, there is dense distribution
of titanium and oxygen in the sample. There is
no other element detected in the EDX spectra
which indicates that the prepared FgTiO2
nanoparticles are consistent with the XRD
results. The weightage of titanium is 49.49%
and oxygen is 50.51% [38].

Figure 1.4: Energy dispersive X-ray spectra (EDX) of F¢TiO2 nanoparticles.

5(b), the 540-785 cm-1 region of the IR spectra
corresponds to the C-X (chloride) bond in a pure
Fogonia, suggesting the presence of three peaks
in this region. Alkenes and aromatic chemicals in
Fogonia may be identified by a series of
mountains in the 800-900 cm-1 part, representing
the out-of-plane bending mode of vibrations. The
second peak at 1170 cm-1 might be due to CN
(amines), C-X (fluoride), and C-O (alcohols,
esters, ethers, anhydrides, carboxylic acid) bonds.
Methyl (CH3) and methylene (CH 2) groups are
present in Fogonia, which explains the plant's
signature bending absorptions at 1373 cm-1 and
1462 cm-1. FgTiO2 NPs spectral analysis showed
no evidence of these groups, indicating that the
ligand was noncovalently bound to the
nanoparticle's surface. An IR peak at about 1611
cm-1 in the Fogonia spectrum is more evidence of
the existence of the C=C bond. Typically, it may
be found between 1680 and 1600 cm-1 [24]. The
two peaks show C-H stretching modes of
vibrations in alkanes at 2914 cm-1 in (b) Fogonia

and 2922 cm-1 in (a) FgTiO2 NPs.
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Figure 1.5: FTIR analysis of synthesized FgTiO2 NPs

Considering that no noticeable peaks in the
region 3400-3500 cm-1 suggested an O-H bond,
we may safely conclude that our samples were
devoid of any traces of moisture. These peaks
show that the synthesis of Fg-TiO2 NPs relies on
the reducing molecules of Fogonia, which
stabilize the particles by attaching functional
groups like hydroxyl and secondary amines to
their surfaces and reducing titanium ions [40].
The FTIR spectrum shows that the phenolic
group of compounds, namely the
significant proportion of O-H stretching, plays a
crucial role in the reduction process and the
creation of FgTiO2 NPs nanoparticles.
Moreover, the protein's amino acids and amide
links keep the Fg-TiO2 NPs stable [17]. As a
result, FTIR analysis confirmed the presence of
several classes of phytochemicals, including
phenol, alkanes, alkenes, alkynes, aldehydes,
ketones, alcohols, esters, carboxylic acids, amines,

more

and ethers that may be responsible for different
pharmacological actions |.

4.7 Performance of Solar Cell

Figure 4.6 shows the J-V characteristics of dye-
sensitized solar cells assembled from sample A
and B. The average measurements of parameters
of photovoltaic were given in Table 4.2.The
power conversion efficiency of dye-sensitized solar
cells based on sample A (without PEI) is 3.7 %
(Jsc = 6.93 mAcm—2), while the power conversion
efficiency of dye-sensitized solar cells based on
sample B (with PEI) is 4.45 % (Jsc =8.04
mAcm—2). The power conversion efficiency of
sample B is higher than sample A, is 1.08%. The
improvement in power conversation efficiency of
24% which was due to increase in length of TiO2
nanoparticles and also nanoparticles becomes
uniform and aligned in one direction.

Table 1.1: Photovoltaic parameters for the DSSCs based on films A and B.

Cell Parameters A (Without PEI) B (With PEI)
JSC (mA/cm’) 6.93 + 0.01 8.04 + 0.02
VocC (V) 0.62 +0.03 0.69 + 0.02
FF 0.59 + 0.04 0.63 +0.01
PCE (%) 3.37 +0.01 4.45 + 0.02
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Figure 1.6: Current density-voltage characteristics of Film A and B.

5. CONCLUSION

In the present study, an eco-friendly and cost-
effective green synthesis route was successfully
employed for the preparation of titanium
dioxide (TiO2) nanostructures using Fagonia
indica leaf extract. The use of plant extract as a
natural reducing and stabilizing agent eliminates
the need for hazardous chemicals, making the
synthesis process environmentally sustainable
and economically viable.Fast and reliable
synthesis of Fg- TiO2 NPs from a solution of
Fogonia leaf extract has been shown. The UV-
Vis spectrophotometer at 273 nm and bandgap
of 3.15 eV and 3.26 eV validated the excitation
of the green-produced Fg-TiO2 NPs. This study
focuses on the biosynthesize of Fg-TiO2 NPs
from a low-cost precursor, titanium dioxide,
using an extract from the leaves of the Fogonia
plant. Using leaf extract in a green chemistry
process for synthesizing nanoparticles will boost
economic viability and sustainable management.
The investigation of plant systems as prospective
nanofactories has piqued interest in the device
fabrication of nanoparticles. A DSSC based on
film B, has power conversion efficiency of
4.45%, which is 24% greater than the power
conversion efficiency of film A. Also increase in
other parameters of DSSC just like open circuit
voltage, fill factor and current density. The

values for open circuit voltage, fill factor and
current density in Film A, are 0.62V, 0.59 and
6.9 mA/cm2 respectively. The values for fill
factor, open circuit voltage and current density

in Film B, are 0.63, 0.69V and 8.04 mA/cm?2

respectively.
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