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Abstract:

Nanostructures of metal oxides of TiO, and a-Fe,O3 were prepared through
the hydrothermal method. Also a-Fe,O3/TiO, nanocomposites are that prepared
by the hydrothermal technique using and a-Fe,O3/TiO, nanocomposites are
mixed in an equal ratio. The properties of the prepared compounds wear
investigated through Transmission electron microscopy (TEM), X-rays
diffraction, and field emission scanning electron microscopy (FE-SEM) The
images of FE-SEM have confirmed that the prepared TiO; and a-Fe,O3NPs are
structured as (Nanoparticles, plate-structure) respectively, and a-Fe,O5/TiO,
nanocomposites are mixed in the equal ratio is structured as (spherical like
structure). The results of the X-rays diffraction indicated the presence of TiO,
and a-Fe,O5; a(Tetragonal, and Hexagonal ) respectively. with the average
crystallite sizes( 8.65,7.10 , and 9.87) nm, forTiO, , a-Fe,O; and a-Fe,03/TiO,
respectively .The optical properties of prepared compounds was studied
through UV-Vis Spectroscopy. The optical band gap is (3.0, 1.6 and 2.7) ev for
TiO,, a-Fe,0O; NPs and a-Fe,Os/ TiO, nanocomposites. Dye-sensitized solar
cells (DSSCs) fabricated depending on TiO,, a-Fe,O; NPs and a-Fe,O3/TiO,/
nanocomposites are casted onto Fluorine-doped Tin Oxide (FTO) substrates
front electrode. while the back electrode is a carbon/FTO-glass substrate.
Green leek dye and red pomegranate dye were used as two natural dyes, while
iodine /iodide KI/ 1, was used as the electrolyte solution.. The solar cells
efficiency rates (0.65, 1.38 and 0.96) for TiO,, a-Fe,OsNps and a-Fe,Os/TiO,/
nanocomposites/red pomegranate dye respectively. and The solar cells'
efficiency rates are (0.69, 1.93 and 1.29) for TiO,, and a-Fe,O3/TiO,/
nanocomposites/ green leek dye respectively.
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1-INTRODUCTION

Nanomaterials are a fascinating group of materials that are in high demand
for a wide range of uses in the real world.. A nanometer can be represented as a
line of five silicon atoms or ten hydrogen atoms, each of which is one
nanometer long. A substance is referred to as a nanomaterial if one of its
dimensions is between 1 and 100 nm in size. It is challenging to determine the
exact timeline of human use of nanoscale objects. [1]. The use of
nanomaterials, however, has a long history, and humans have inadvertently
employed them for a variety of purposes for a very long time. Humans first
used asbestos nanofibers to strengthen ceramic mixes about 4500 years ago[2].
Hematite has been used in photo-catalysis for water oxidation in photo-
electrochemical cells designed for water splitting because it is inexpensive,
easy to build, harmless, abundant, and stable.[3]. Hematite has the potential to
increase its catalytic activity for additional redox reactions, a possibility that
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has not yet been investigated. Research in this area may result in sensor
applications that use this substance. The creation of sensors with very low
detection limits for specific materials has been prompted by the desire for tools
that enable early detection in groundwater, seas, rivers, or soils. contaminants
is a field of study that is gaining more and more attention[4]. Numerous
industries, including photocatalysis, agriculture, dye-sensitized solar cells and
medicinal devices, use nano-TiO, photo semiconductors[5].The application of
TiO, nanoparticles in agriculture, however, is still relatively new and needs
more research. Agricultural researchers continue to be interested in the nano-
TiO, photo semiconductor due to its advantageous physical and chemical
characteristics, low price, availability, and excellent stability[6]. As a result,
nano-TiO, photo semiconductors offer a wide range of potential applications in
agriculture, such as pesticide breakdown, plant protection, and residue
detection. TiO, nanoparticles do have a drawback, though, in that their high
band gap of about 3.2 ev makes them predominantly active in the presence of
UV light[7]. Nanomaterials are at the very core of DSSC since current research
into the utilization of natural ingredients in the manufacture of solar cells has
been driven by the demand for a greener and more ecologically friendly energy
generation[8]. Figure(1)shows the working principle of dyestuff solar cells. The
central component of the system is an intermediate sheet of semiconductor
oxide in contact with either an organic hole conductor or a redox electrolyte[9].
The surface of the nanocrystal layer has a monolayer of the dye sensitizer
connected to it. The photon-absorbing dye sensitizer will work (light) under
sunlight irradiation, and the photon's energy is sufficient to excite an electron
from the dye. The HOMO level of the dye molecule is converted to LUMO and
undergoes photocatalysis at the interface of the dye and TiO,, due to the
presence of an electron in TiO, and the presence of a hole in the oxidizing dye
molecule, charge separation is achieved. Electron-adsorbing dye molecules
enter the conduction band of anatase phase TiO, nanoparticles of the dye's
LUMO level[10].
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Figure 1. Diagram showing the DSSCs' operating system [9].
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2-EXPERIMENTAL PART

2-1-Synthesis of a-Fe,O5; Nanoparticles and a-Fe,O; /TiO,
Nanocomposite

TiO,, a-Fe,0O3, and a-Fe,O3 /TiO, nanoparticles were prepared by the
hydrothermal method. TiO, NPs were prepared by adding 1 mL of TTIP (Ti
(OC3Hy), first and stirring for 30 min after mixing 25 mL of distilled water
(DIW) with 25 mL of HCI 11.6 M. Then 30 mL of the prepared solution is
transferred to a 70 mL sterile Teflon-lined stainless steel which for three hours
at 140 C in an oven. TiO, yields a white precipitate. The final product is
annealed at 400 C for three hours to improve crystallization after being
centrifuged three times with distilled water and ethanol before drying at 90 C
for three minutes. [11]. Fe,O; NPs were prepared by dissolving 4.052 g of iron
(111) chloride hexahydrate FeCls, 6H,0 in 100 mL of deoxygenated distilled
water for 30 min at 80 C° with magnetic stirring. To maintain the pH at 11, 50
mL of sodium hydroxide (0.6 mol/L). The solution was placed in a Teflon-
lined stainless steel autoclave for 12 h at 160 C°. The resulting precipitate was
separated by centrifugation, then washed several times with distilled water and
ethanol and calcined at 450 C° for four hours [12]. The hydrothermal method
was used to synthesize a-Fe,Os/TiO, nanocomposites 3.376 g of FeCl3.6H,0
and 1.0 g TiO, nanofibers in equal proportions (1:1) that were dissolved in 80
ml deionized water and 0.2 mL ammonia. in the solution. The final product was
put into a Teflon-lined autoclave with a 40 mL capacity. The autoclave was
sealed and heated for four hours at 95 C before being cooled to room
temperature Ethanol and deionized water was used for collection and
washing.The products were annealed in 500C° (2 h) oven after drying at 60 C°
for 24 h [13].

2-2-Material and Methods.

The properties of the prepared compounds are examined utilizing transmission
electron microscopy (TEM), field emission scanning electron microscopy (FE-
SEM), and X-rays diffraction. All chemicals in this work were obtained from
the Merck business and utilized without additional purification such as. NaOH,
TTIP Ti (OCsH;) and FeCl;.6H,0. The solar cell's efficiency was determined
using a Programmable Keithley electrometer (2400) with the relation

FF=Jmax *Vmax/Jsc* Voc (1)
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where Jyax 1S the maximum current, Vyax is the maximum voltage, Jsc is the
short-circuit current and Vo is the open-circuit voltage. [14].

3-RESULTS AND DISCUSSIONS
3-1-X-rays diffraction analysis

Figure 3. shows the result of TiO, NPs prepared by hydrothermal pH=9 at
400C° the crystal structure is a tetragonal structure with space group (141/amd)
and lattice parameters were a=b =3.776 A, ¢ =9.486 A to the miller indices
(hkl) values (101) (004) (200) (105) (211) (204) (220) and (215), respectively
corresponding to (JCPDS card no. 01-073-1764) [16]. Nonetheless, no
additional peaks were identified that could have been caused by the
contaminant. The nano-sized TiO, has a very high crystallinity, as evidenced
by the sharp peaks [17]. Figure (4) depicts the ilmenite ore's XRD patterns and
the o -Fe,05/TiO, mixed oxides that resulted from calcining it at 500 C for two
hours All diffraction peaks in the XRD pattern of ilmenite ore may be
attributed to the Ilmenite a-Fe,O3 /TiO, phase (JCPDS card No. 98-010-4235).
The XRD pattern shows that a-Fe,O3 /TiO, was transformed to (a-Fe20;
ITiO,) mixed oxides after sintering at 500 C° for 2 hours in air condition and
then proceeding to the ball mill operation. The XRD pattern was used to assign
diffraction peaks to the TiO, rutile (JCPDS card number 98-006-2553) and a. -
Fe,O; (hematite, JCPDS card number 98-005-3677) phase of the produced a-
Fe,O3 /TiO, nanocomposite [18].

The following Scherrer's equation[19] was used to compute the crystalline size

(D):

D (nm) =k .A/Bcos 6 (2)
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Figure 2. XRD patterns of a-Fe,O3 NPs prepared by hydrothermal method.
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Figure 3. XRD patterns of TiO, NPs prepared by hydrothermal method.
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Figure 4. XRD patterns of a-Fe,Os/ TiO, nanocomposite at 400 c® for 3 h.

3-2-FESEM Analysis of TiO,, a-Fe,O; NPsand a-Fe,O3; /TiO,
Nanocomposites

Particle size and shape (40.69 to 60.67) nm and spherical structure of a-
Fe203 NPs at 400 C° for 3h at pH=10 by hydrothermal method, as shown in
Figure. 5(A-D) [20]. Figure 6(A-D) shows the FE-SEM images of the TiO,
nanoparticles (NPs) prepared by the Hydrothermal method at pH 8. It is clear
that different morphology in a material, and particles. In figure 6(A-D), zones
of TiO, where the bright points can be attributed to both free Ti and O,
particles. The particle size was about (33.71 to 33.95) nm with nanoparticles
[21] The shape of the a-Fe,03/TiO, nanocomposite was studied using FESEM
images Figure 7(A-D) revealing that the nanoparticles of a-Fe,O; /TiO,
nanocomposite were indeed formed. As seen in FESEM photos, the o-
Fe,Os/TiO, nanocomposite is synthesized in an aggregated form. The particle
size and shape are (39 to 43) nm and the spherical-like structure of a-Fe,Os
ITiO, nanocomposite at 400 C° for 2h at pH=10 by the hydrothermal method,
as shown in figure 8 (A-D).
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D3 = 3374 nm

D1 =48 96 nm

2 = 37,84 nm

Figure 5. FE-SEM images of a-Fe,O; NPs prepared by hydrothermal method
at 400 C° for 3h at pH=10.

D&=33.91 nMm

Figure 6. FE-SEM images of TiO, NPs prepared by hydrothermal method at
400 C° for 2h at pH=8.
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Figure7 .FE-SEM images of a-Fe,O3; / TiO, nanocomposite prepared by
hydrothermal method at 400 C° for 3h.

3-3-TEM Analysis, a-Fe,O5; and TiO,/ a-Fe,O; Nanocomposites

Utilizing transmission electron microscopy, the morphology and typical
grain size are examined. of pure a-Fe,O; NPs, as shown in Figure 8 (A-D).
The formation and growth of NPs provide the basis for this trend. NPs with
small diameters can be developed thanks to a longer reaction time. There is
some agreement between the size of the produced IONPs and the size
described in the literature on solvent-less synthesis of IONPs by the
hydrothermal technique. Changes in PH cause a decrease in the size of a-Fe,03
NPs, from 15 to 20 nm with Nanorod nanoparticles. In this case, the longer the
heating period, the smaller the NPs will be [22]. TEM images of Titanium
oxide nanoparticles TiO, NPs prepared using the hydrothermal method at 400
C° for 2h at pH=8, as in Figure 9(A-D), where the microscopic images confirm
the formation of hexagonal nanoparticles since the fission process took place in
a free medium without any capping factor, some particles were overlapping
among themselves, as it was noted that some spherical nanoparticles appear

large due to the phenomenon of agglomeration. The average grain size of TiO,
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nanoparticles was (23 to 49 nm) [23]. Both samples' TEM images are shown in
Figure 10(A, B). Small agglomerated particles of varying sizes and shapes
(cubic, and spherical) were present in both samples, possibly as a result of
coalescence [24]State that the sintering temperature and neighboring particles
in contact that can coalesce into a huge grain size particle determine the
particle size distribution in agglomerates. For (1:1) a-Fe,O3 /TiO,, The typical
grain size was determined to be between (15 and 45) nm, demonstrating that

adding more TiO, resulted in smaller particles overall [25].
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Figure 9. TEM images of TiO, NPs prepared by hydrothermal method.
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3-4-Optical Properties
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The absorption spectra and energy band gap a-Fe,Os, TiO, nanoparticles and
a-Fe,03/TiO, nanocomposites are shown in Figures. (11-14) respectively and

Table 1.

Table 1. shows the energy band gap of a -Fe,O3, TiO, and a-Fe,O3 /TiO,.
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Figurel3. The optical band gap and absorbance spectrum of a-Fe,O3

nanoparticles.
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Figurel3. The optical band gap and absorbance spectrum of TiO,/ a-Fe,03
nanoparticles.

4-The Applications of a-Fe,O3, TiO, nanoparticles and a-
Fe,O3/TiO, nanocomposites in Solar Cells.

4-1-Fabrication of Dye-Sensitized Solar Cells.

DSSCs are fabricated using o-Fe,Os, TiO, nanoparticles and o-Fe,O; /TiO,
nanocomposites as photoelectrode and two natural dyes, red pomegranate dye and
green leek dye were used as an absorbent medium. Figure 14(A,B, C) shows the |-
V characteristics of DSSCs prepared based on a-Fe,O3 , TiO, nanoparticles and -
Fe,O3 TiO, nanocomposites / green leek dye have given Voc, Isc  and efficiency
(m%) are shown in a Table(2).
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Figurel4.1-V characteristics of prepared DSSCs (A) a-Fe,O3 , (B) TiO,and(C)
a-Fe,05/TiO,/ green leek dye

Table2.Photoelectrochemical parameters of the DSSCs, A=0.25cm? under
intensity light 28.2 Mw/cm 2 using/ green leek dye.

Catalyst/green | lsc | Voc I max Vimax | Pmax | FF% %n
Jleek dye mA | (V) Ma (V)

a-Fe,04 3.58 [0.71 |3.07 0.404 |1.24 |60 1.93
TiO, 1.31 | 0.507 | 1.08 0.408 | 0.440 | 66 0.69
o-Fe,03 /TIO, |[3.17 |0.368 | 2.69 |0.307 |0.755 |69 1.29

Figurel5(A, B, C) show the I-V characteristics of DSSCs prepared depending

on o-Fe,0;, TiO, nanoparticles and TiO,/ a-Fe,0s3
pomegranate dye has given Voc, lsc

Table(3).
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Figurel5.1-V characteristics of prepared DSSCs, (A) a-Fe,O3, (B) TiO, and(C)
a-Fe,0O5 /TiO,/ red pomegranate dye

Table.3. Photo electrochemical parameters of the DSSCs, A=0.25cm? under
intensity light28.2 M w/cm? using red pomegranate dye.

CataIySt// red Isc Voc I max V max Prax FF% 1]%
pomegranate mA | (V) mA V)

.dye

a-Fe,03 3.53 |0.494 | 2.68 0.334 | 0.985 | 50 1.38
TiO, 1.51 |0.507 | 1.00 0.414 |0.414 |54 0.65
a-Fe;,0;3 /TIO, |3.51 | 0.388 | 1.83 0.334 | 0.611 | 45 0.96

The results showed that the efficiency of DSSC made based on a-Fe,O; with
green leek dye and red pomegranate dye is higher than that of TiO, NPs and
TiO,/ a-Fe,O3; nanocomposites. there are many reasons. First, it has a low
energy gap (1.6 ev) in a-Fe,O;. As the energy gaps decrease the efficiency
increases. This is because lower energy gaps enable electrons with greater solar
energy efficiency and lower excitation energy to become free electrons in a
conduction band. [26],[27]. Second, the surface area of a-Fe,0; is 74.604m?/g
and is higher than of TiO, NPs and TiO,/ a-Fe,O; nanocomposites, Which
indicates an increase in dye adsorption on the surface of a-Fe,O; which may
lead to an increase in the efficiency of the fabricated DSSC[28]. In addition,
the current yield of DSSCs with natural dye (pomegranate red dye) is lower
than that of DSSCs made using leek green dye due to the energy gap of leek
green dye (1.83ev). Less than red pomegranate tincture (2.34ev). Thus they
have low efficiency compared to that (2. 43ev) which is very near to the
conduction band thus electrons easily become free and thus have higher
efficiency[29]. The second reason is that the leek pigment is the pigment
chlorophyll, which has an excess of electrons and can provide these electrons
to the cell better than the anthocyanin pigment found in red pomegranate.[30].
Moreover, the lower value obtained from the manufactured DSSCs is also due
to the low density (28.2 mW/cm?) of the light source used.

Conclusions:-

201



Journal of Kufa for Chemical Sciences VOol. (2)N0.(10) ceeeeeeeeeeeeeeessuusessssnnsesssssssss Jun 2023

10.

a-Fe,03, TiO2 and TiO,/a-Fe,O; nanoparticles are prepared by a quick

and secure hydrothermal technique. Semiconductor deposition on FTO
glass by doctor blade gives a better homogeneous surface than dropping and
evaporation of semiconductor solution suspended on FTO Similarly,
deposited graphite gave a homogeneous and more stable surface than using
candle flame which is quickly removed from a glass surface. Several
techniques have been used to describe the products equipped with
Transmission electron microscopy (TEM), X-ray diffraction, and field
emission scanning electron microscopy (FE-SEM). It is noted from the
previous data that the dye has a very important role in improving the
efficiency of the solar cell, as the results showed that the cells made from
green leek dye produce much higher efficiency than cells prepared from red
pomegranate dye in all cases. The results also showed that the cells
prepared from o-Fe,O; NPs with better efficiency than TiO, and a-
Fe,05/TiO.,.
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