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Abstract

Fe-doped TiO, nanoparticles (F-T NPs) were synthesized using the sol-gel method where different molar concentrations (0, 1, 2,
3,5, 7,9, and 10%) of Iron (iii) nitrate were added to a constant amount of the metal precursor TetraisopropylOrthotitanate
(TTIP) solution, the solvent precursor ethanol and refluxing agent diethanolamine at the ratios of 1:6:1 respectively. The gel
formed was annealed at 500<C in a muffle furnace for 2h. Fourier Transform Infrared (FTIR) showed Fe-O symmetrical
stretching vibration for the 5% doping and above and Ti-O-Fe asymmetrical stretching vibration at wavenumber 668 cm™ and
1033cm™, respectively. Fe-O stretching vibration confirms substitution doping. The crystallite size was calculated using the
Debye Scherer equation; 2% F-T NPs had the largest crystallite size at 16.45 nm, and 7% F-T NPs had the least size at 10.95 nm,
a decrease of 2.80 nm from the 0% F-T NPs. X-ray diffraction spectra showed a merging of peaks at planes 105 and 211. The
peak at plane 204 is found to diminish, and the growth of another peak at 20 (64.28°). Optical analysis was studied using UV-Vis,
where the Tauc plot estimated the calculated band gap (Eg). It was the least at 7% F-T NPs with a value of 4.41 eV, and 5% F-T
NPs were found to have the highest value of 4.86 eV.% Transmittance is directly proportional to the optical band gap. Scanning
Electron Microscope showed improved agglomeration and aggregation with a dense and smooth particle. Energy Dispersive
Spectroscopy confirmed the presence of Fe, Ti, and O in the F-T NPs.
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1. Introduction

The need to improve the efficiency of Dye-Sensitized Solar
Cell (DSSC) has prompted many researchers to study ways of
enhancing semiconductor oxides such as TiO,, ZnO, and
SnO,, among others [1]. Titanium dioxide (TiO,) has garnered
considerable attention credit for its unique optical and struc-
tural properties due to, but not limited to, high surface area,
chemical stability, biocompatibility, non—toxic in nature, and

stability within a wide range of pH [2]. These inherent prop-
erties of TiO, make it an effective photocatalytic material for
the degradation of organic compounds and the manufacture of
a photoanode in photovoltaic cells, among other applications
[3, 4]. The two stable polymorphs of TiO, anatase and rutile,
have an optical band gap of 3.2 eV and 3.0 eV, respectively

[5].
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TiO, is only photoactive under Ultraviolet (UV) and has
negligible absorption in the Visible (Vis) region [4]. In the
latter region, TiO, is transparent and has a high recombination
rate, which hinders its commercial use [6]. The setback can be
solved by either doping with other metal ions or nonmetals
that produce more states in the conduction band gap region [7];
they include AI¥*, Cu®**, Mn**, Fe**, and Zn*, N, S, and C,
respectively, or addition of a dye.

Doping is advantageous as these states trap pho-
to-excited electrons, reducing the electro-hole (e/h*) re-
combination rate and increasing the threshold wavelength
for a sharp absorption edge in the Vis region [8]. Doping
TiO, with Fe is economical and efficient as it can easily fit
into the lattice structure of Ti due to its close ionic radius;
the ionic radius of Fe** (0.69 A) [9] is near that of Ti*
(0.745 A) [10], it is locally available and of low-cost. It
possesses a steady half-filled d° orbital that can act as an
electron and hole trap, as Ti**/Ti*" is located near that of
Fe**/Fe®*[11], resulting in increased charge carrier and
decreased forbidden band gap [12].

Ghorbanpour, M., &Feizi, A. synthesized Fe-TiO, using
the molten salt method, and 0.5wt%Fe-TiO, showed a 69%
degradation activity vis a vis 1%, and 3wt% Fe doped TiO,
[13]. Valero-Romero, M.J. et al. reported optimal photo-
catalytic performance at 0.15 and 0.5wt% Fe concentration
[14]. Kanjana, N. et al. synthesized Fe-doped TiO, hollow
sphere with various Fe contents 0.25, 0.50, 0.75, and 1.00%
mole using carbon templates, and the highest power conver-
sion efficiency of 6.025% was obtained at 0.25% Fe-doped
TiO; [15].

The above studies are majorly into Fe-TiO, doped as a
photocatalyst where the dopant percentage is less than 1%; it
is to the best of the researcher's knowledge that higher dopant
concentration of Fe-TiO, applied as a photoanode has not yet
been thoroughly and exhaustively reported. This paper in-
vestigates the effects of different% mole (1, 2, 3,5, 7, 9, and
10) Fe doping on the structural and optical properties of the
TiO, anatase phase synthesized using the sol-gel method.
Sol-gel was preferred over other synthesis methods due to its
ease of operation. It gives a compound with similar molecular
structures, crystals, or powder formed that is pure, fine, and of
uniform size [16].

2. Methodology

2.1. Chemicals

Materials used in the synthesis process were of pure ana-
Iytical grade and were used as received from Sigma-Adrich;
they included tetra isopropyl orthotitanate (Ci,H0,4Ti) of
purity 99.90%, absolute ethanol (C,HsOH) of Purity 99.90%
and diethanolamine ((CH,CH,OH),NH) of purity 99.3%.
Ammonium hydroxide, Hydrochloric acid, and Iron (iii) ni-
trate  (Fe(NOs3)3.9H,0) 0f98% were obtained by
S.B.Chem.Co,, Itd.

2.2. Synthesis Procedure

F-T NPs were synthesized using the sol-gel synthesis
method. The sol was prepared by adding 5 mL of tetra iso-
propyl orthotitanate (TTIP) to 20 mL of absolute ethanol in a
clean 50 mL glass beaker placed on a magnetic stirrer and
continuously stirred for 35 min at room temperature. After
which, its pH was adjusted to 7 using a stock solution of HCI
or NH,OH with a pH meter and agitated for 15 min. The sol
was then placed on a hot magnetic stirrer where various%
moles of Fe (1, 2, 3, 5, 7, 9, and 10) were doped and stirred for
10 min. 5 mL of diethanolamine was added dropwise to the
sol and stirred for further 45 min where a gel was formed. The
gel was dried for 2 h in an oven at 100<C to evaporate the
residual solvents and left to age for at least 12 h. After that, the
aged gel was combusted and annealed in a muffle furnace for
2 hat500<C [17].

2.3. Characterization of the F-T NPs

For the functional group present to the F-T NPs, the Fourier
Transform Infrared (FTIR) spectrophotometer IR Spirit Shi-
madzu model was used at a scanning range of 400 to 4000 cm™.
X-ray diffraction (XRD) measurements were made using ARL
EQUINOX 100 at 40V, 0.9mA, at a scanning range of 20°-100°.
The data obtained from the sample series was plotted, analyzed,
and compared with the International Centre for Diffraction Data
(ICDD) database, and the crystal sizes were computed using
Debye-Scherer’s equation. Surface morphology and composi-
tion were analyzed using Scanning Electron Microscope Phe-
nom XL G2. Optical properties were analyzed using a dou-
ble-beam UV-Vis 1800 Shimadzu model at a wavelength rang-
ing from 200 to 1100 nm.

3. Results and Discussion

3.1. FTIR Analysis
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Figure 1. FTIR spectra showing the effects of different Fe doping
concentrations on the functional groups of TiO, NPs.
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A Fourier Transform Infrared Spectroscopy (FTIR) pro-
vided information on functional groups, molecule geometry,
and the intra- and intermolecular interactions in F-T NPs.
Figure 1 shows the FTIR spectra of the F-T NPs annealed at
500<C, showing main bands at fingerprint region (< 1500 cm™)
that are 668 cm™ and 1033 cm™ and functional group region (>
1500 cm™) at wave number 2360 cm™. The stretching vibra-
tion at wave number 668 cm™ is assigned to Fe-O; at 0%, the
stretching vibration is absent, and it is so for 1, 2, and 3% F-T
NPs. The absence of Fe-O symmetrical stretching vibration at
3% and below affirms interstitial doping, where the Fe*" ions
are squeezed into the interstitial positions of the crystal lattice.
Sun L, etal. [17] reported that interstitial doping occurs at low
Fe doping concentration due to the slight mismatch in the
ionic radius of the host Ti*" and the dopant Fe**. Substitution
doping occurs at and above 5% F-T NPs due to the high Fe**
ions concentration in the lattice. The substituted Ti** ions
occupy an interstitial position to maintain charge neutrality
and atom stability. When T NPs were annealed at different
temperature, the vibration appeared at and above 600 <,
termed the rutile phase, and was absent in the anatase phase at
and below 500<C; it was assigned to Ti-O-Ti vibration [18].
The asymmetric stretching vibrations at 1033 cm™ are as-
signed to Ti-O-Fe. It confirms a twist-bending vibration from
different bond lengths between the atoms of Ti and Fe. For the
F-T NPs doped samples, the vibration orientation is a +180°
rotation with respect to FTIR analysis for the T NPs annealed
at a different temperature [18]. The change in orientation
confirms wagging bending vibration, which oscillates back
and forth around the equilibrium positions due to the uneven
weight distribution of Ti and Fe within the lattice. The
stretching at 2360 cm™ is assigned to —OH from the solvent
precursor ethanol and the refluxing agent diethanolamine
forming Ti-OH.

3.2. XRD Analysis

XRD was used to investigate the structural properties of the
different% F-T NPs annealed at 500 <C. Figure 2 shows XRD
diffraction patterns of (0, 1, 2, 3,5, 7, 9 and 10%) F-T NPs.

The 2 6 (37.9, 48.0, 53.8, 54.8, 62.7, 68.8, 70.0, and 75.0)
correspond to the reflection from 004, 200, 105, 211, 204, 116,
220 and 215 crystal planes of the tetragonal TiO, structure.
All diffraction peaks agreed with reported JCPDS card no 84-
1286 for anatase. The effect of Fe doping concentration led to
the growth of some peaks, some of which were suppressed. As
depicted in Figure 2, the two peaks at planes 105 and 211 for
20 (53.8° and 54.8% respectively) are found to merge and
become one. The peaks merge due to the broadening of dif-
fraction peaks caused by microstrain within the Ti-O-Fe
crystal lattice. Micro strain is attributed to the mismatch in
ionic radii ofTi* and Fe** =~ 0.055 A, different bonding
characteristics, coordination preferences having different
electronic configuration [Ar] 3d? 4s? and [Ar] 3d® 4s® and
having a dopant with varying states of charge with that of the
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host. Peak 200 and 204 are found to diminish, and growth
grows at 20 (48.0°, 62.7°), respectively. It is attributed to
lattice distortions and rearrangement of atoms within the
Ti-O-Ti lattice emanating from introducing a Fe atom forming
Ti-O-Fe that affects the spacing between crystal planes.
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Figure 2. Diffractograms(a) merge overlaid and (b) stacked panel
for (0,1, 2,3,5,7,9, 10)% F-T NPs annealed at 500 <C.

The dominance phase is anatase, and its average crystallite
size was estimated using the Debye Scherer equation [19] Eq

).

_ G
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s 1)

Where S is the average crystallite size of the NPs (nm), G is
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a constant 1.44807 A (obtained from the product of the shape
factor = 0.94, and wavelength of X-rays used 1.5405 A), B is
the diffraction line broadening measured at half of its maxi-
mum intensity (rad) (FWHM), and 6 is the Bragg’s diffrac-
tion angle.

An increase in crystallite size for the 1 and 2% F-T NPs
confirms interstitial doping. The Fe atoms are squeezed into
the spaces between the Ti-O-Ti crystal lattice, known as in-
terstitial sites. It affirms that low Fe dopant concentration
forms interstitial doping, and the transmittance of Fe-O vi-
bration cannot be detected in an FTIR as it is occupied within
the crystal lattice of the host atoms. XRD analysis confirms
FTIR analysis for the absence of Fe-O stretching vibration at
wavenumber 668 cm™ for 1, 2, and 3% F-T NPs.

As illustrated in Figure 3, the incorporation of high Fe
doping concentration in TiO, structure generally reduces
grain growth and causes a reduction of the average crystallite
size. The decline in crystallite size is attributed to the devel-
opment of strain between the host TiO, and dopant Fe atoms
that develop due to a difference in their ionic radius of ap-
proximately = 0.055 A. Strain is developed as the crystal
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lattice adjusts to accommodate the Fe atoms of a small ionic
radius in the Ti-O-Ti structure. This decline in crystallite size
confirms substitution doping, where Fe atoms substitute Ti
atoms in the Ti-O-Ti forming, Ti-O-Fe. XRD analysis con-
firms FTIR analysis for the Ti-O-Fe stretching vibration at
wave number 1033 cm™ and Fe —O stretching vibration for 5,
7,9, and 10% F-T NPs at wave number 668 cm™, respectively.
Fe substitution doping occurs after the dopant has undergone
interstitial doping, and more dopant atoms are still populated
around the lattice structure. The displaced atoms of Ti occupy
interstitial positions or other available sites in the crystal
lattice to allow the crystal structure to adjust and maintain
overall charge neutrality and structural stability. Therefore,
the decline in crystallite size is contributed by the number of
substituted Ti with Fe atoms within the Ti-O-Ti; 7% F-T NPs
had the least crystallite size and hence had the highest sub-
stituted Fe atoms. In that regard, the increase in crystallite size
between 7% F-T NPs and 9% F-T NPs resulted from both full
substitution doping and the extra Fe atoms squeezing in more
in the interstitial sites, which generally reduces the average
strain, increasing crystallinity.
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Figure 3. Graph displaying comparison on the (a) FWHM and (b) Peak intensity with crystallite size of varied% F-T NPs.

As tabulated in Table 1, 2% F-T NPs have the largest
crystallite size of 16.45 nm, showing an increase of 2.70 nm,
and 7% F-T NPs with the least size of 10.95 nm, a decrease of
2.80 nm from the 0% F-T NPs. As reported by Gakuru, S.W.,
etal. [18], the average crystallite size, as shown in Figure 3 (a),
is inversely proportional to their corresponding FWHM with
the highest value of 1.13566° at 7% F-T NPs, an increase of
0.43648° from the 0% F-T NPs. A slight increase in FWHM

value between the 0% F-T NPs and doped F-T NPs confirms a
broadening of peaks from the asymmetrical stretching of
Ti-O-Fe. The graph of crystallite size and peak intensity vs.%
F-T NPs, as shown in Figure 3 (b), shows average peak in-
tensity was highest at 5% F-T NPs with a value of 1807 a.u
and least at 3% F-T NPs with a corresponding value of
857.204 a.u. High peak intensity is attributed to the improved
(004) plane preferred during annealing.

Table 1. Average values of peak intensity, FWHM, and crystallite size of different% F-T NPs calculated from X-ray diffraction (XRD) pattern.

% F-T NPs Average peak intensity (a.u)

0% F-T NPS 1088.34

Average FWHM(%)

0.69918

23

Average crystallite size (nm)

13.75
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% F-T NPs Average peak intensity (a.u)
1% F-T NPs 875.53

2% F-T NPS 1088.75

3% F-T NPs 857.20

5% F-T NPS 1807.85

7% F-T NPs 999.01

9% F-T NPS 1249.89

10% F-T NPs 1525.14

A higher specific surface area in photoanode is essential in
maximizing light absorption, providing sufficient active sites
for photochemical reactions, and promoting efficient charge
separation and transport. Specific Surface Area (SSA) was

Average FWHM(%)

Average crystallite size (nm)

0.79252 16.30
0.78221 16.45
0.86961 15.82
0.91624 13.65
1.13566 10.94
0.88773 14.57
1.09684 13.78

3
Where W = % is a constant used to calculate SSA for

TiO, with a value of 1.4184 x10° cm®/g, p is the density of
TiO, NPs (4.23g/cm®), and S, denotes the crystal size ob-

calculated by considering the total area covered by the crys-
tals in nit mass using [20] Eq (2).

tained by the Debye-Scherer equation.
As shown in Figure 4 (a), SSA is found to be inversely
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proportional to crystallite size. Amongst the F-T NPs, the 7%
F-T NPs have the highest value of 12.9556 <10 M%g™.
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Figure 4. Graph displaying comparison on the (a) SSA, (b) strain, and (c) dislocation density with crystallite size of varied% F-T NPs.
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Table 2. Calculated average values of Strain, Specific Surface Area, Dislocation density, and Crystallite size of different% F-T NPs calculated

from X-ray diffraction (XRD) pattern.

Average Specific surface

Average dislocation

Average crystallite

O X - - 2

Yo F-T NPs (RIEEP SE (B (Te= i area, M%g? x10% density(d), lines/ nm° size (nm)
0% F-T NPs 0.29204 10.3159 0.005289 13.75
1% F-T NPs 0.38314 8.6968 0.003759 16.30
2% F-T NPs 0.37948 8.6220 0.003695 16.45
3% F-T NPs 0.42185 8.9619 0.003992 15.82
5% F-T NPs 0.44532 10.3911 0.005367 13.65
7% F-T NPs 0.56009 12.9555 0.008342 10.94
9% F-T NPs 0.42683 9.7299 0.004705 14.57
10% F-T NPs 0.53681 10.2878 0.00526 13.78

The decreased crystallite size was due to the strain of the %
F-T NPs. The strain values were calculated using [21] Eq (3).

__B
4tan@

@)

Where 8 is the FWHM, and 0 is the diffraction angle in
radians.

As depicted in Figure 4 (b), the strain in the NPs was found
to have an inverse relationship with the crystallite size. It was
found to be highest at 7% F-T NPs with a corresponding strain
value of 0.56009 and the least crystallite size value of
10.94847 nm. It is worthwhile to note that the strain values are
higher for the doped compounds compared to the un-doped as
tabulated in Table 2. It is contributed by the mismatch in ionic
radii of Ti*" and Fe** = 0.055 A, where, during substitution
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doping, a distortion occurs in the crystal lattice, and charge
imbalance within the lattice leads to structural rearrange-
ments to maintain charge neutrality.

Dislocation density (8) was calculated using Eq (4) as
suggested by Velumaini and Sharma et al. [22]

§ =L

= @)

Where S is the crystallite size (nm) obtained from XRD
results, the calculated values of the dislocation density were
tabulated in Table 2 and presented in the graph as shown in
Figure 4 (c). Dislocation density indicates the dislocation
network in the particle structure; the decreased dislocation
density for 1, 2, and 3% F-T NPs shows improved crystallin-

ity.
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Figure 5. Graph displaying (a) reflectance spectra and (b) band gap plot for different% F-T NPs.
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3.3. Optical Analyses

UV Vis spectrophotometric measurements require analytes
to be dissolved in an appropriate solvent; the UV Vis 1800
Shimadzu model requires dissolving 1% of the F-T NPs to a
suitable polar solvent for polar compounds and non-polar
solvents for nonpolar compounds. The solvent should be pure,
optically transparent, chemically inert, and dissolve the sam-
ple [23]. F-T TiO, NPs being a polar compound; polar sol-
vents such as water and ethanol (EtOH) and polar aprotic
solvents such as acetonitrile, dimethylformamide (DMF),
dimethylsulfoxide (DMSO) are used for this purpose. Dis-
tilled water was found not to dissolve, acetonitrile is only
transparent in the UV region, and DMF and DMSO are
transparent in the UV-Vis range; however, they could have
potential interactions with our F-T NPs. Et OH was the pre-
ferred solvent due to its purity, wide solubility range, chem-
ical inertness, and optical transparency in the UV-Vis region.
However, it is worth noting that not all the NPs dissolved.

The reflectance spectra of F-T NPs were investigated using
a UV Vis 1800 Shimadzu model run between 200 and 1100
nm, and the results were used to analyze optical properties, as
shown in Figures 6 (a) and (b).

Figure 5 (a) shows that 5%F-T NPs had the least reflectance
of 38.31%, translating to the highest transmittance of 61.69%
as T = 100- R, where T is% transmittance, and R is % re-
flectance. 0% F-T NPs had the highest reflectance of 68.24%.
The slight insolubility of the F-T NPs caused them to have
high values 0f% light transmitted. The estimated values of %
R of the different% F-T NP samples are tabulated in Table 3.

Tauc relation Eq (5) was used to calculate the band gap
energy of the synthesized F-T NPs [24].

(Ahv)" = (hv — Eg) ()

Where Athe absorbance value, hv, is the incident photon

energy, Eg band gap energy, and ynature of transition, it takes

1 . . .
values such as?and 2 for indirect allowed and direct allowed

transitions, respectively. [25, 26].
Direct optical band gap values were estimated by drawing a
tangent of (A4 hv)2Tauc’s plot and extrapolating to the x-axis
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( (A hv)?=0) as shown in Figure 5 (b). The bulk band gap of
T NPs for the anatase phase is 3.2 eV, the obtained values
from the Tauc plot displayed greater optical values that are
4.43,4.71,4.52,4.78, 4.86, 4.41, 4.48, and 4.77 for 0, 1, 2, 3,
5, 7,9 and 10% F-T NPs respectively. The highest band gap,
as tabulated in Table 3, was that of 5% F-T NPs, with an
estimated value of an increase of 0.44 from the 0% F-T NPs.
The 5% F-T NPs had the highest% transmittance, showing
that% Transmittance is directly proportional to the optical
band gap. The discrepancies between the bulk and synthe-
sized F-T NPs occur due to quantum confinement effects
where electrons are confined in three dimensions, leading to
discrete energy levels, surface states, and defects attributed to
high surface-to-volume ratio and size-dependent electronic
properties where the energy levels of the conduction and
valence bands shift influencing the overall band gap.

Table 3. Estimated values of Reflectance edge, % Reflectance, and
band gap energy for the different% F-T NPs.

wor-hps Tl et st s
0% F-T NPs  335.48 68.24 4.43
1% F-T NPs  325.24 52.75 471
2% F-T NPs  327.57 61.12 4,52
3% F-T NPs  328.45 52.59 4,78
5% F-T NPs  325.88 38.31 4.86
7% F-T NPs  320.66 67.58 441
9% F-T NPs  325.57 64.42 4.48
10% F-T NPs 324.63 44.24 4.77

3.4. Morphological Analysis

Morphological properties were aided by a Scanning Elec-
tron Microscope (SEM). The SEM representative images for
0, 5, and 10% F-T NPs are shown in Figure 6.
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Figure 6. SEM representative images

The 5 and 10% F-T NP images show a dense, smooth par-
ticle compared to the 0% F-T NPs. The porosity and rough
texture present at 0% F-T NPs are due to nucleation on pri-
mary particles of TiO,. The smooth surface and decreased
porosity for 5 and 10% F-T NPs lead to a more compact
structure resulting from substitution and interstitial doping, as
earlier confirmed by XRD and FTIR analysis. The increased

20k

10k

| o

for (a) 0, (b) 5, and (c) 10% F-T NPs.

particle size and formation of larger crystals for the doped
samples result from increased agglomeration and aggregation,
which further confirms doping helps improve the morpho-
logical properties of TiO,. The coalescing of the particles to
form a single unified entity for the F-T NPs samples aligns
with the improvement and increased crystallite size shown by
XRD analysis.

(b)
@
ke
°_° -

Figure 7. EDS spectra for (a) 5%F-T NPs and (b) 10% F-T NPs.

Table 4. Elemental compositions for 5% F-T NPs.

Element Number Element Symbol Element Name Atomic Conc. Weight Conc.
8 0] Oxygen 81.865 59.800

22 Ti Titanium 16.645 36.400

26 Fe Iron 1.490 3.800
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Table 5. Elemental compositions for 10% F-T NPs.

Element Number Element Symbol

6 C Carbon
8 o] Oxygen
22 Ti Titanium
26 Fe Iron

As shown in Figure 7 (a) and (b) and tabulated in Table 4
and 5; for 5 and 10% F-T NPs, respectively, the Ener-
gy-Dispersive X-ray Spectroscopy (EDS) showed the ele-
ments present in the F-T NPs: Ti, O, and Fe. The Fe atomic
concentration for 10% was higher than that of 5% F-T NPs,
which aligns with the different doping concentrations. The
carbon present in Figure 7 (b) with an atomic concentration of
10.436 is from the carbon stick used to hold the sample during
analysis.

4. Conclusions

The Sol-gel synthesis method successfully prepared F-T
NPs. FTIR spectra confirmed the effects of doping concen-
tration with different stretching orientations for interstitial and
substitution doping. Due to the mismatch in ionic radius of
0.05 A, low concentration Fe doping for 1- 3% forms inter-
stitial, and substitution doping occurs at and above 5%. Ef-
fects of doping are also shown by XRD spectra where two
peaks at planes 105 and 211 for 20 (53.51<and 54.47< re-
spectively) merge. Peak 105 and 204 are found to diminish
and grow new peaks at 20 (44.86< 64.289, respectively, that
increase in intensity as the doping concentration increases. As
reported in the literature, the crystallite size was inversely
proportional to dislocation density, SSA, FWHM, and strain.
The introduction of Fe contributed to an increase in the av-
erage strain of the T NPs and a decrease in average crystallite
size. For large crystals, 2% F-T NPs are the best, and 7% F-T
NPs will be effective where small crystals are preferred. The
optical band gap of the synthesized T and F-T NPs was higher
than the bulk of 3.2 eV. The highest E, was for 5% F-T NPs
with 4.86 eV.% Transmittance is directly proportional to the
optical band gap. The discrepancy in the optical band gap of
bulk TiO, and the synthesized F-T NPs is attributed to quan-
tum confinement effects, surface state, and defects in the F-T
NPs. Improved surface texture due to agglomeration and
aggregation can also be achieved through doping without
annealing TiO, NPs at high temperature.

Abbreviations

DSsC Dye Sensitized Solar Cell

Element Name
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Atomic Conc. Weight Conc.
10.436 4.396

52.166 29.271

24.799 41.658

12.598 24.675

EDS Energy Dispersive Spectroscopy
EtOH Ethanol

F-T NPs Fe Doped TiO, Nanoparticles
FWHM Full Width at Half Maximum
SEM Scanning Electron Microscope
SSA Specific Surface Area

TTIP Tetra Isopropyl Orthotitanate

uv Ultra Violet

UV VIS Ultra Violet Visible Spectroscopy
XRD X-ray Diffraction
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