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scanning electron microscopy (FESEM), transmission electron microscopy (TEM), ultraviolet-
visible (UV-Vis), energy dispersive x-ray (EDX), and atomic force microscopy (AFM) were used
to characterize the generated zinc oxide. Using methyl orange dye, the analysis showed that

Keywords: the shape of zinc oxide nanoparticles was rice-like and the band gap value was 3.62. ZnO NPs
Efficiency is used in dye-sensitized solar cells (DSSCs) it has many advantages including its ease of use
Electrochemical and low cost, its ability to be integrated into buildings, and its fantastic performance under
Fill factor diffuse and indoor lighting. DSSCs have attracted more attention and have been deemed viable
Methyl orange dye alternatives to conventional photovoltaic devices. The solar cell's efficiency (n %) and fill factor
Nanoparticles with methyl orange as a dye were 2.3, and 74.1, respectively.

Solar cell

Zinc oxide

Copyright © 2023 Biomedicine and Chemical Sciences. Published by International Research and
Publishing Academy — Pakistan, Co-published by Al-Furat Al-Awsat Technical University — Iraq. This is an
open access article licensed under CC BY:

(https:/ /creativecommons.org/licenses/by/4.0)

1. Introduction

Nanoscience refers to investigating and improving
connected materials with dimensions between 1-100 nm
and frameworks with critical processes that happen over
similar dimensions (Algar, et al., 2022). As a result of the
rapid development of nanoscience and nanotechnology,
including progressed strategies for the manufacture and
portrayal of nanostructured materials, fantastic progress
has been made in many areas of science, not least in
environmental catalysis, energy production, and
sustainability (Yentekakis, 2022). The historical background
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of nanomaterials is very lengthy; nevertheless, major
developments in nanoscience have occurred during the past
twenty years. The possibility of nanotechnology was first
presented by Nobel laureate Richard Feynman, in his
famous lecture at the California Institute of Technology, on
29th December 1959. Richard Feynman in one of his
articles published in 1960 titled (Shabeeb, Al-Ani, & Rabee,
2021). Nanoparticles are made up of a variety of "nanoscale"
materials, which are typically less than 100 nm in size.
These NPs have varying shapes or designs, for example,
nanotubes, nanorods, nanoribbons, and hierarchical
nanostructures (Ishtiaq, et al., 2020).

Nanomaterials are gaining much importance day by day
in different fields attributable to their one-of-a-kind
utilitarian properties that can be customized and specifically
tailored to meet the needs of specific requirements and
applications (Paranjpe, 2017). Although the fact that
nanoparticles are generally considered a discovery of
modern science has a long history. Nanoparticles were
utilized by artisans as far back as 9 hundred years in
Mesopotamia for creating a glittering effect on the surface of
pots. Spectacular impacts were obtained with metal
nanoparticles in a variety of shades of brilliance and glass
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innovation (Ware & Patankar-Jain, 2020). Global electricity
consumption has rapidly increased over the last few years,
and power demand around the globe is expected to follow
the same path. However, as of now, power is generally
created from non-renewable energy sources, including coal,
flammable gas, and oil, which are considered the reason for
fossil fuel byproducts and environmental changes (Guo, et
al., 2022). Along these lines, environmentally friendly power
innovation is the most effective technique to moderate
environmental change, as energy can be created without
causing carbon dioxide emissions (Basumatary & Agarwal,
2022). Zinc oxide is an inorganic substance compound
widely used in everyday life. Perceptible in later years, the
very rapid advancement of nanotechnology has prompted
the improvement of ZnO NPs with enhanced properties
(Alim-Al-Razy, et al., 2020). Nanoparticles with diameters
under 100 nm have a high surface area corresponding to
their size. They have excellent catalytic properties because of
their large surface area-to-volume ratio (Mico6-Vicent, et al.,
2021). The main advantage credited to designing ZnO NPs is
the possibility of using them as sunscreens.

We need to adequately address the question of how
humanity will be able to meet its energy needs in the near
future. This is because the world population is currently on
track to reach eight billion people and it may even reach ten
billion by the middle of this century. Fossil fuels, which are
also non-renewable, are currently responsible for the
majority of the world's electricity production. These fuels
also produce large amounts of carbon dioxide, a greenhouse
gas that now poses a serious threat to our planet's
ecosystem. According to the Intergovernmental Panel on
Climate Change (IPCC), the largest source of greenhouse gas
emissions worldwide is the energy supply sector (Mariotti, et
al.,, 2020). In the framework of climate change,
decarbonizing electricity generation is a key feature of cost-
effective mitigation strategies in achieving low-stabilization
levels of carbon dioxide (430-530 ppm). Hence, scientists
opted to use dye solar cells as a source of electrical energy,
in order to reduce the emission of toxic gases that lead to
global warming (Cao & Su, 2021). The purpose of the
research is to prepare environmentally friendly and highly
efficient solar cells using prepared nanomaterials with
favorable properties such as zinc oxide.

2. Materials and Methods

Zinc foil (97%) and polyvinyl alcohol (Fluka, Germany).
Iodine (99%) (Thomas Baker, India). Ethanol (99%), acetone
(98%), potassium chloride (95%), graphite, polyethylene
glycol (97%), potassium iodide (97%), and indium tin oxide
glass (ITO) (CDH, India).

2.2. Preparation of ZnO NPs

A 250 mL glass container, pure metal foil zinc for
preparation of ZnO NPs as anode (positive) electrode,
graphite plate as cathode (negative) electrode, and D.C-
regulated power supply were utilized for measuring and
estimating stirrer plate, and magnetic stirrer bar. Both
cathode and anode were washed with acetone and ethanol
and then deionized water. The electrochemical cell is filled
up with a 200 mL solution which contains (5 mL of 10
g/100 mL electrolyte (KCI) as the electrolyte, 10 mL of 10
g/100 mL of the stabilizer (Polyvinyl alcohol (PVA), and
deionized water). A pure metal zinc foil dimensions (1 cm x 4
cm x 0.25 mm) and inert graphite electrode (2 cm x5 cm x 1
cm). The electrolysis reaction was performed in an undivided
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electrolytic cell for 60 minutes stirring at a temperature of
(less than 30C°). The voltage ranges from 9 to 15 volts. The
resulting white precipitate of ZnO NPs, shown in Figure 1,
were centrifuged and washed with deionized water and
ethanol a few times. It was poured into a drying vessel and
dried at 60 C° for 60 minutes. It was then calcinated at
700C° for 60 minutes (Saffar, et al., 2021).

-5 KT

Fig. 1. The electrochemical system for preparation of ZnO NPs
2.2. Fabrication of DSSCs

The anode electrode, which consisted of zinc oxide, was
paste to conductive indium tin oxide glass (ITO) and heated
to 400C° for 1 hour (Mahdavi & Talesh, 2021). The effective
area of the oxide was 1 cm?. After heating, they are placed in
the dye solution containing the methyl orange dye for 10
hours until the adsorption process occurs. The cathode is a
graphite powder, to which polyethylene glycol (PEG) has
been added, which is also pasted with conductive glass (ITO)
and heated to a temperature of 300C°. During cell
construction, an electrolyte solution comprising iodine (I2)
and potassium iodide (KI) was added between the electrodes
at a concentration of 0.1 M. After the cell was completed, the
Keithley device was used to calculate the efficiency.

3. Results and Discussions
3.1. XRD Analysis of ZnO NPs

Using a diffraction setup with Cu-K1 of (=1.54060 A)
under 40 kV and 30 mA in the range of 2 thetas from 10 to
80, ZnO NPs were studied. Several diffraction peaks at
20 values of (31.873°, 34.552°, 36.374°, 47.645°, 56.683°,
62.983°, 66.52°, 68.051°, 69.191°, 72,58°, and 77.044°),
which correspond to Miller indices (100), (002), (101), (102),
(110), (103), (200), (112), (201), (004) and (202) that
characterize the ZnO NPs as shown in figure 2 (Al-Fouadi &
Hussain, 2020). The size of ZnO NPs calculated by using
Scherrer equation 1.

where the: -

—
1]

size of crystalline (nm)

K= constant dependent on crystallite shape (0.94-0.89)
£ = x-ray wavelength (mostly for Cu)

B= FWHM (full width at half max) or integral breadth
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Fig. 2. X-Ray Diffraction pattern of ZnO nanostructures

3.2. TEM Analysis of ZnO NPs

The TEM image in Figure 3 shows ZnO NPs that were
produced using the method described. The TEM image
displays both isolated and aggregated particles. At the
nanoscale, spherical and cubic forms are apparent (Nduni,
Osano, & Chaka, 2021).

- 150 nm =35970 KX 9 zerss
300 nm Mag=12930KX  DayPetronic Company 150am Mag=35970KX  DayPetronic Company

Fig. 3. TEM images of ZnO NPs
3-3FESEM Analysis of ZnO NPs

FESEM uses it to determine the morphology of the films
that were formed. The FESEM can produce high-resolution
pictures of a sample surface in secondary electron mode at a
magnification of 100,000x and a working voltage of 10 kV.
The arrangement of flakes was seen in the FESEM image.
Figure 4 depicts FESEM images of ZnO NPs at various
magnifications. As shown in these images, ZnO NPs are
formed like rice particles.

EHT= 10004
WO+ S4mm

Fig. 4. FESEM images of ZnO NPs
3.4. AFM Analysis of ZnO NPs

Topography imaging using an atomic force microscope
(AFM) is an effective method for learning in-depth details
about the surface morphology, topography, and material of
various surfaces. Due to the several directions that grain
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particles might go in AFM pictures, opaque colors represent
feeble structures in contrast to bright colors representing
soaring structures (Sutradhar & Saha, 2016). This thorough
information was collected using AFM measurements that
included several significant characteristics, including
Surface skewness, Roughness Average, and Root Mean
Square. However, AFM measurements provide excellent data
on the size distribution, average nanoparticle diameter, and
surface uniformity of nanoparticles. Figure 5 (a, b) shows
the development of homogenous images in two and three
dimensions (2D and 3D).

$.821 nm

0nm
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]

Fig. 5. (a) AFM 3D image of ®NPs. (b) AFM 2D image of ®NPs
3.5. EDX Analysis of ZnO NPs

Energy-dispersive X-ray spectroscopy (EDX)
measurements of the purity and stoichiometry of ZnO NPs
produced by the electrochemical technique are shown in
Figure 6, which indicates the presence of distinct signals for
zinc and oxygen only, which confirms the sample's high
purity (Kusuma, et al., 2020). The weight percentages of
ZnO appear to be Zn =88.4% and 0=16.6%, and we show
the presence of gold in the chart because of the coverage of
the sample by gold through.
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Fig. 6.EDX-ray of ZnO NPS

3.6. UV-Vis Analysis of ZnO NPs

Optical absorption is an important technique for
determining the optical energy band gap of crystalline and
amorphous materials as shown in Figure 7. The type and
value of the optical band gap can be determined using the
principle of absorption, which corresponds to the electron
excitation from the valence band to the conduction band.
Spectrophotometers in the 150-500 nm range were used to
measure the UV-Vis spectroscopy of all the films used for
this study. By calculating energy along the (hv) and (ahv) 2
lines on the Tauc plot, the optical band gap of the
synthesized films was also determined (AL-Asady, et al.,
2020). The shifting of the ZnO films in the optical energy gap
at 25 C° was investigated using the UV region absorption
peak.
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Fig. 7. The optical band gap of ZnO NPs
3.7. Calculate the Efficiency

The efficiency of the dye-sensitized solar cell and fill factor
can be calculated using equations 2 and 3 (Villanueva-Cab,
et al., 2018).

FF — Jm#vm

o Jsc+Voc

__ Jsc+*Voc+FF

pin

where Jsc, Voc, and Pin are short circuit current density,
open circuit voltage, and incident light from the simulator
(45.2 mW/cm?), respectively. The I-V values of synthetic
cells based on methyl orange dye are shown in Table 1
(Shanshool, et al., 2016).

Table 1

Photo-electrochemical parameter of the DSSCs, (A=1cm)and the intensity light
(45.2Mw/cm?)

Catalyst/ dye Isc(mA) Voc(V) Imax  Vmax Pmax F% n%
ZnO /methyl
e G 2.6 0.56 24 045 0816 56 2.3
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Fig. 8. I-V characteristics of prepared DSSCs ZnO with methyl orange dye
4. Conclusion

Zinc oxide has a small energy gap, and therefore its
conductivity is high. It also has a high surface area. This
naturally increases the adsorption capacity of the chemical
dye on it, which increases the efficiency of the solar cell. In
addition, the type of dye used has a simple chemical
composition, which increases its adsorption on the surface
of the oxide. It has a high electron density.
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