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ARTICLE INF ABSTRACT
Article history: Nanostructures of metal oxides of CuO, and TiO; were prepared by
ng/?s'gg%ﬂgﬁgoéozzz the hydrothermal method. Also,_ CuO/‘_I'iOz nanocomposites were
Accepted: 03 JEN, 2023 prepared by the hydrothermal technique using an equal ratio of 1:1 The
Available Online: 00 JUN, 2023 properties of the prepared compounds were investigated through Field

Emission Scanning Electron Microscopy FE-SEM, Transmission
Electron Microscopy TEM, X-Ray Diffraction. The images of FE-SEM
have confirmed that the prepared TiO, , CuO, and nanoparticles were
structured as Nanoparticles, Spherical, and CuO/ TiO, nanocomposites

Keywards: which were mixed in an equal ratio were structured as rocks-like
Cuo ITiO, structures. The results of the X-ray diffraction indicated the presence of
ﬂ%?g&rgfgzre CuO, and TiO, as (monoclinic structures, Tetragonal) respectively. with
DSSCs the average crystallite sizes,( 13.10,8.65 and 10.12)nm, for CuO , TiO,

and CuO/TiO, respectively. The optical properties of the prepared
nanoparticles CuO , TiO, , and CuO/TiO, were studied through UV-Vis
Spectroscopy. The optical band gap of the prepared products was
determined by UV-Visible spectrophotometry and was found to be 2.1,
3.0, and 2.8 eV for TiO,, CuO, NPs, and CuO /TiO, nanocomposites
respectively. Dye-sensitized solar cells (DSSCs) fabricated based on
TiO2, CuO, NPs, and CuO /TiO, nanocomposites are casted onto (FTO)
substrates (front electrode), while the back electrode is carbon/FTO-
glass substrate. Two types of natural dyes were used in this study.
Chlorophyll pigment in green leek and anthocyanin red pigment in
cochineal pomegranate whereas iodine/ iodide KI/I12 is used as the
electrolyte solution. The solar cells efficiency rates (1.51,0.74 and 0.94)
for CuO, TiO, NPs, and CuO /TiO, nanocomposites/ are chlorophyll
pigments present in green leek respectively. and The solar cells
efficiency rates (1.20,0.558 and 0.88) for CuO, TiO, Nps, and
CuO/TiO, nanocomposites/ anthocyanin pigment present in red
pomegranate respectively
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capabilities that differ significantly from those
of their bulk counterparts. By carefully

Nanomaterials have emerged as a
remarkable class of materials with a wide
variety of samples and at least one dimension in
the 1 to 100 nm range. The logical design of
nanoparticles allows for exceptionally high
surface areas[1]. It is possible to create
nanomaterials with exceptional magnetic,
electrical, optical, mechanical, and catalytic

regulating the size, shape, synthesis conditions,
and appropriate functionalization, the properties
of nanomaterials can be tailored to meet specific
needs[2]. A semiconductor-based photovoltaic
device known as a dye solar cell DSSC converts
solar and artificial radiation directly into
clerical current. In DSSC, the two functions are
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separated from each other wunlike in
conventional systems, where semiconductors
are responsible for both charge carrier
separation and transport as well as light
absorption. In a typical DSSC, the sensitizer
bound to the surface of a broadband gap
semiconductor absorbs light [3]. This hybrid
device, also known as the Gratzel cell, was
initially introduced to the scientific community
in 1991 by Brian O'Regan and Michael Gratzel
in their foundational work, which described a
device composed of sensitive TiO2
nanoparticles with an energy conversion
efficiency of 7.1% [2]. DSSCs are probably[4].
nanoparticles of CuO. One of the transition
metal oxide nanoparticles that have become
highly sought-after materials for numerous
applications is CuO  (Copper Oxide)
nanoparticles. The CuO nanoparticles are p-type
oxide semiconductors with a bandgap of 1.2—
1.5 eV, in contrast to metal oxides, which
typically have a very wide band gap . Solar cells
are one application for nanoparticles. One
potential source of sustainable energy is solar
power or solar cells[5]. TiO; is one of the most
widely used semiconductors because of its non-
toxicity, stability in aqueous solutions, excellent
quantum efficiencies, and acceptable bandgap,
TiO, is one of the most widely used
semiconductor photocatalysts [6]. As shown in
Figure 1, when TiO; is illuminated, the
electrons are promoted from the valence band to
the conduction band, leaving an electron
vacancy or hole in VB. However, this only
occurs if the photon energy is equivalent to or
higher than the band gap energy of the
photocatalyst, in our case, TiO,. In addition,
ultraviolet  light irradiation of TiO;
photocatalysts causes photoexcitation due to the
band gap energy of the TiO, photocatalyst,
which is 3.2 eV (=385 nm) for rutile 3.0 eV
(=410 nm)[7].
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Figure 1: Schematic illustration of typical
photocatalysis over TiO[7].

Five components make up the DSSC: two
transparent conductive substrates, a layer of
nanostructured titanium dioxide, a layer of
platinum, dye molecules, and an electrolyte.
TheTiO, and platinum nanostructures are
applied as thin coatings to transparent
conductive surfaces, respectively. This sort of
solar cell's mechanism is an exact reproduction
of the steps in a plant's photosynthesis cycle
[33]. The dye molecule is excited from its
ground state to its excited state through the
absorption of light, as shown in Figure (2)[8].
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Figure 2: Schematic configuration of a dye-
sensitized solar cell[9].

2. EXPERIMENTAL PART

2.1 Synthesis of CuO Nanopartecles and
CuO /TiO, Nanocomposites

The, CuO, TiO, Nanoparticles and CuO
/TiO, nanocomposites were prepared by
hydrothermal method by using CuS0O,4.5H,0,
and TTIP Ti (OC3H;) 4 as a source of Cu*?, and
Ti** lons were purchased from Merck[10], [11].
The hydrothermal method was used for
TiO,/CuO synthesis 2. 26 g of titanium tetra
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isopropoxide Ti[OCH(CH3).]4 and 2 g of
CuSO, .5H,0 were dissolved in 100 mL of
distilled water and 0.8 M of NaOH were added
to the solution medium until the pH reaches 85,
and the stirring continued until a homogeneous
solution was obtained. Then, the solution was
transferred to the Teflon autoclave reactor and
kept in the oven for 20 hours at 140°C. The
sample was filtered and rinsed with distilled
water and then ethanol multiple times before
being dried in a vacuum at 600C for 4 hours
after the autoclave had naturally cooled to
room. Then, the solution was transferred to the
Teflon autoclave reactor and kept in the oven
for 20 hours at 150C°.The. After the autoclave
had naturally cooled to room temperature, the
sample was filtered and washed with distilled
water and then ethanol several times before
being dried in a vacuum at 50 C° for 5 hours
[12].

2.2 Characterization methods

The properties of the prepared compounds
are investigated through Field Emission
Scanning  Electron  Microscopy FE-SEM,
Transmission  Electron  Microscopy  typ
(TESCAN BRNO-Mira3LMU/ Tescan) TEM (
Philips em 208s,100Kv ) and X-Ray Diffraction
typ (6000/Shimadzu, Japan). All chemicals in
this work were purchased from Merck company
and used without further purification such as
NaOH (98%), TTIP Ti (OC3H7) 4 (99%)and
CuSQ, .5H,0(98%). The efficiency of the solar
cell was calculated by Programmable Keithley
electrometer (2400) with the relation

FF = JmaxVmax (1)

JscxVoc

where: Jsc is the short circuit current, Voc
is the open-circuit voltage, Juax IS the
maximum current, Vyax IS the maximum
voltage [13].

3. RESULTS AND DISCUSSIONS
3.1 X-ray diffraction analysis

Figure (2) shows the XRD peaks of CuO
NPs at 100 C° (PH=10) nanoparticles appeared
at (33.11°, 36.23°, 38.94° ,54.36°, 60.24°,
61.24° and 68.34°) corresponding to ( 101, 004,
200, 105, 211, 204, 220 and 215.) respectively,
which indicates the formation of a monoclinic
structure CuO crystal structure with space group
(C2/c), monoclinic structure, conforms to the
monoclinic structure (JCPDS No. 80-1268) with
average crystalline size (8.6) nm [14, 15].
shows the XRD peaks of TiO2 NPs prepared by
hydrothermal PH=9 at 400 C° appeared at(
33.24°, ,36.34° ,39.44° °,49.84°, 54.26°, 63.04°,
69.90°, 25,24° and 33.2 4°) corresponding(101 ,
110 ,101, 004 ,111, 200,1 05 and 211).
respectively which indicates the (TiO2)
tetragonal structure, with the space group
(141/amd), This finding is consistent with the
standard (JCPD 73-1764) data .with average
crystallines ize (7.10)nm [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 (5) shows the
sharp and strong peaks suggest that the obtained
nanocomposite has high crystalline character.
The JCPDS card numbers, 80-1268 and73-1764
all corroborated the monoclinic structure of
CuO and the tetragonal structure of TiO; in the
CuO/TiO; nanocomposites [18].
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Figure 3: XRD patterns CuO NPs at 100 °C prepared by hydrothermal method.
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Figure 4: XRD patterns of TiO, NPs prepared by hydrothermal method.
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Figure 5: XRD patterns of CuO/TiO, NPs prepared by hydrothermal method

The hydrothermal approach produced CuO
32 FESEM Analysis of CuO,TiO, NPs with a partl_cle s_lze range of 40.69 to 60.67
nm and a spherical-like structure at 100 oC for

Nanopartecles and CuO /TiO, -
two hours at PH=10, as shown in figure 6 (A-

Nanocomposites
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D). Due to the fact that the crystalline character
of CuO increased with increasing the reaction
temperature to 100 °C, as demonstrated by the
XRD results [19]. The FE-SEM images of the
TiO, nanoparticles NPs generated by the
hydrothermal technique at PH are shown in
Figure 7(A-D) (8). It is obvious that different
materials and  particles have varied
morphologies. Zones of TiO,, which are the
bright spots in figure 7(A-D), can be attributed
to both free Ti and O, particles. The particle
size was about (33.71 to 33.95) nm with
nanoparticle [20]. Figure 8 A-D), shows the

FE-SEM  images of the CuO/TiO;
nanocomposite to the dark areas were the Ti
particles embedded into Cu particles in bright
areas. Since the Cu content was too low, its
particles were hard to identify. Both phases
indicate the form of the CuO/TiO;, (cubic).
These phases are CuO and TiO, which are
formed as thermally induced martensites and
varied in terms of thickness and orientation. The
CuO formed as a spherical-like phase, while the
TiO, formed as a cubic-like phase between the
CuO/ TiO, and the particle size of 34 to 51 nm
[21].

60.67 Nnm

D1 =430.69 nm

Figure 6: FE-SEM images of CuO NPs prepared by hydrothermal method at 100 °C for 2h at PH=10.
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Figure 8: FE-SEM images of CuO/TiO, nanocomposite prepared by hydrothermal method at 400 C°

for 3h at PH=10.
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3.3 TEM Analysis of
CuO,TiO;Nanopartecles and CuO /TiO,
Nanocomposites

TEM images of copper oxide nanoparticles
CuO NPs prepared using the hydrothermal
method at 100 C° for 2h at PH=10, as shown in
Figure 9 (A-D), where the microscopic images
confirm the  formation of  spherical
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 in a small size due to the
phenomenon of agglomeration. The average
size of copper oxide nanoparticles was 25 to 50
nm. [22]. TEM images of Titainum oxide
nanoparticles (TiO;) NPs prepared using the
hydrothermal method at 400 °C for 2h at PH=8,
as shown in Figure 10(A-D). 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 overlapped among
themselves, as it was noted that some spherical
nanoparticles appear in a large size due to the
phenomenon of agglomeration. The average
grain size of TiO, nanoparticles was 23 to 49
nm [23]. In addition, TEM was used to analyze
the CuO/TiO, nanocomposite, providing insight
into its internal shape and average grain sizes.
Hydrothermal treatment was used to pre-crush
the micron granules into finer particles. It is
clear from Figure 11(A-D) that there were
several gray particles present, along with a few
darker patches. Microscopic evidence shows
that the nanocomposite is spherical and that
their average grain size is between 25 to 55 nm
[24].

CEIORPTOR
RASTAK LAH

Figure 9: TEM images of CuO NPs prepared by hydrothermal method.
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Figure 11: TEM images of CuO/TiO, nanocomposite prepared by hydrothermal method.
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3.4 Optical Properties

The absorption spectra and energy band
gab CuO, TiO, nanoparticles and CuO /TiO;
nanocomposites are shown in Figures.( 12-14)
respectively and the Table 1.

Table 1: shows the energy band gap of
Cu0, ,TiOz and CuO/TiO..

CuO 2.1 eV
TiO, 3.0eV
CuO [TiO, 2.8eV

(a.h.2)A2(nm)A2

\Wavelength nm ho(ev)

Figurel2: The absorbance spectrum and optical
band gap of CuO nanoparticles.
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Figure 13: The absorbance spectrum and
optical band gap of TiO, nanoparticles.
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Figure 14: The absorbance spectrum and
optical band gap of CuO/TiO, nanocomposite.

Fabricated dye-sensitized solar cells
results

DSSCs are fabricated using TiO,, CuO
nanoparticles and CuO /TiO, nanocomposites as
photoelectrode and two natural dyes, red
pomegranate dye and green leek dye were used
as an absorbent medium. Figuresl5(A,B,C)
show the I-V characteristics of DSSCs prepared
based on TiO2, CuO nanoparticles and
CuO/TiO; nanocomposites / green leek dye has
given Voc, Isc  and efficiency (n%) are shown
in a Table (2).
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0.003
0.0025
0.002

0.0015 ¢

Current A
2 (=]
o & B
l
/

Voltage(V)

Figurel5: 1-V characteristics of prepared
DSSCs, (A)CuO, (B) TiO, and(C) CuO/ TiOy/
green leek dye.

Table2.Photo electrochemical parameters of the
DSSCs, A=0.25cm?® under intensity light28.2
Mw/cm 2 using/ green leek dye.

Catalyst/ I v, | v

sC oc max max
green Pl FF% | %n
.leek dye s V) it V)

TiO, 1.31 | 0.507 | 1.08 045 | 0.621 73 0.74

CuO 410 | 0498 | 3.08 | 0.314 | 0.961 47 1.51

CuO/
Tlijoz 25 0.599 1.8 0.431 | 0.743 40 0.94
Figuresl6 (A,B,C) show the I-V

characteristics of DSSCs prepared based
TiO,,Cu0O nanoparticles, and CuO/TiO,
nanocomposites/red pomegranate dye has given

Voc , ISC and efficiency (n%) are shown in a
table(3).
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Figurel6: 1-V characteristics of prepared
DSSCs, (A)CuO, (B) TiO; and(C) CuO/ 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.

Catalyst//
red Isc Voc Imax | Vimax 0,
pomegranate | mA | (V) mA | (V) Prax | FF% | m%
.dye
TiO, 1.32 | 0.408 | 1.00 | 0.354 | 0.354 66 0.558
CuO 4.03 | 0488 | 3.08 | 0.334 | 1.02 54 1.20
CuO/ TiO, 24 | 0587 | 169 | 0.338 | 0.193 40 0.88

The results showed that the efficiency of
DSSC made on the basis of Cuo with green leek
dye and red pomegranate dye is higher than that
of TiO, NPs and CuO/TiO, nanocomposites.
For many reasons. First, it has a low energy gap
2.1 ev in CuO. As the energy gaps decrease the
efficiency increases. This is because lower
energy gaps enable electrons with lower
excitation energy to become free electrons in a
conduction band and thus increase solar energy
efficiency [25],[26]. Second, the surface area of
CuO is 38.70 m?/g and is higher than that of
TiO, NPs and CuO/TiO, nanocomposites,
which indicates an increase in dye adsorption on
the surface of CuO this may lead to an increase
in the efficiency of the fabricated DSSC[27]. In
addition, the current yield of DSSCs with
natural dye pomegranate red dye was lower than
that of DSSCs made using leek green dye due to
the dye in leek is a chlorophyll dye, which has
an excess of electrons and can supply these
electrons to the cell more effectively than the
anthocyanin dye found in red pomegranate [28].

Moreover, the lower value achieved from the
manufactured DSSCs is also a result of the light
source's low density 28.2 mW/cm?,

4. CONCLUSIONS

CuO, TiO, NPs and CuO[TiO;
nanocomposite are prepared by hydrothermal
method, it is very simple, fast, cost-effective,
and environmentally. 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 field emission scanning
electron microscopy FE-SEM, transmission
electron  microscopy TEM and X-ray
diffraction. 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 of the green
leek chlorophyll dye produce a much higher
efficiency than the cells prepared from the
anthocyanin dye. The results also showed that
the cells prepared from CuO NPs had better
efficiency than TiO, NPs and CuO/TiO;
Nanocomposite. As-prepared CuO,TiO, NPsand
CuO/TiO; nanocomposite shows the fast
electron transfer between n- and p-type
semiconductors, which can be used for future
applications such as sensor, biosensor,
photocatalysis and solar cell.
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