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The synthesis method of nanomaterials, their shape, and sizes, is essential 
in improving the efficiency of the dye-sensitized solar cell by increasing 
energy absorption and conversion. In this work, metal oxide nanoparticles 
included: copper oxide (CuO), nickel oxide (NiO), and binary CuNiO2, 
were successfully synthesized via a photolysis method using UV lamb. 
Morphological, structural, optical, and electrical characterization were 
done using various techniques such as X-ray diffraction (XRD), field 
emission scanning electron microscope (FE-SEM), transmitted electron 
microscope (TEM), Energy-dispersive X-ray spectroscope (EDX) 
and, photoluminescence spectroscopy (PL). X-ray diffraction analysis 
confirmed that the synthesized metal oxide nanoparticles were formed. The 
average particle size copper oxide (CuO), nickel oxide (NiO), and binary 
CuNiO2 were rang 4-17 nm estimated by TEM. The optical properties were 
analyzed using photoluminescence spectroscopy (PL), and the bandgaps of 
CuO, NiO, and CuNiO2 nanoparticles were determined to be 2.83 eV, 3.4 
eV and 2.04 eV Sequentially. We used photochemically synthesized CuO, 
NiO, and CuNiO2 nanoparticles to make dye-sensitized solar cells (DSSCs). 
In this research, two counter electrodes have been used: Graphene oxide 
Nano-Sheets and Graphene oxide\silver nanocomposite were synthesized 
by Modifying Hummers presses. Cibacron Brilliant Red B is one of the 
dyes used at the Wasit Governorate textile factory. The remainder is mostly 
discarded as wastewater used as a photosensitizer in our research. From 
the J -V curves, where efficiency ranged from 0.231  to 9.61 %, to 100 mW/
cm2, the opening circuit voltage (Voc), the short t current density (Jsc), 
the fill factor (FF) and efficiency (h) was calculated. Finally, CuO, NiO, 
and CuNiO2 nanoparticles can be proven to increase the efficiency of dye-
sensitized Solar Cells with brilliant B-dye cibacrons.

INTRODUCTION
Dye-sensitized solar cell (DSSC) is a potential 

alternative to traditional silicon solar cells that 
efficiently leverages a wide-border nanocrystalline 
semistate (metal oxide) porous electrode property 
[1].  Due to the various advantages, like the cheap 

price performance, lower processing costs, low 
incident light strength, mechanical strength, 
lightweight and attractive, transparent design, 
it is the main clean and green energy source. 
Nanoscience is an evolving science that attracts 
scientists from all walks of life to focus on it. This 
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science has high expectations and enormous 
potential, and it has become the most exciting 
and critical area [1,2]. Semiconductor oxides were 
already improved in recent years to achieve the 
properties needed for their intended applications 
[3]. To boost the efficiency of these oxides, specific 
methods such as doping and hybridization were 
used [4]. One of the methods is the synthesis 
of single-dimensional nanostructures [5]. 
According to research, the addition of a second 
metal oxide raises the light collection spectrum, 
leading to more electron pairs. Metals like nickel, 
copper, lanthanum, and vanadium, for improved 
catalysis, have been doped in TiO2 [6,7]. Finally, 
a composite material with enhanced properties 
is built into its network with a semiconductor’s 
oxide [8]. Increasing the charge separating 
of the composite material [9-11] can solve 
electron-hole recombination. The Composite has 
enhanced physical-chemical properties compared 
with each material when a narrow bandgap 
semiconductor oxide nanomaterial is blended 
with a wide bandgap semiconductor material 
[12]. Lead-based dielectric materials in the 
microelectronics industry are widely used [13]. 
The non-stoichiometric composition of the high 
temperatures of dielectron-based plum materials, 
such as Li, Na, Ti, Al, and CaCu3Ti4O12 compounds 
[14], substituted them with plum-free materials 
[14]. CuO is a p-type, narrow bandgap (Eg = 1.2-
1.7 eV) semiconductor used in heterogeneous 
catalysis, solar cells or lithium-ion battery 
applications among the different transitional 
metal oxides [14,15]. For example, nickel oxides’ 
chemical stability and power properties in a cubic 
structure are commonly recognized (Eg = 3.6–4 
eV, for example). Applied to gas sensors, solar 
cells, photocatalysis and photovoltaic devices 
[16], the anti-ferroir magnetic properties of 
nickel oxide and the high temperature of Néel 
(TN = 525 K). The advancement of clean and 
renewable energy technologies plays an essential 
role in energy demand, global warming and fossil 
fuel depletion [17,18]. The transformation of 
renewable energy into electricity through Solar 
Cells is one of the best technologies[19-21]. With 
rapid development, low costs, and environmental 
advantages, photo-sensitive solar cells replace 
traditional silicon-based solar cells [22,23]. The 
broad prospects for the replacement of silicon 
solar cells are for photosensitive solar cells [24,25]. 
The performance of modern photosensitive solar 

cells has been competitive with the production 
of nanostructured halves, high-performance 
sensitivity sensors, and robust electrolytes [26-
28]. The manufacture of new photovoltaic cells in 
the photo-sensitive solar cell market is advanced 
by simple processing, cheap materials, and 
various applications [29]. Copper oxide (CuO) and 
nickel oxide ( NiO) is considered a good inorganic 
material [30,31]. As electrons enter the empty 
conduction band from the valence band, the 
nanocomposite begins to absorb photon energy 
in the Hali conductor [32,33]. The electrons are 
stimulated, and the valence band rises, forming 
electron and hole pairs (e- and h +) [34]. This study 
reported using CuNiO2 nanostructures synthesized 
by UV-Irradiation technique (novel method) as a 
photoanode with an organic dye (cibacron brilliant 
red B dye ) by Recycle dye waste textile factory 
and use it as a Photo-sensitizer To increase the 
efficiency of the solar cell.

MATERIALS AND METHODS
Synthesis of CuO Nanoparticles

All chemicals were used purchased from british 
drug houses (BDH) and without any purification. 
CuO nanoparticles have been prepared by photo 
irradiation method, irradiation cell, as in Fig. 1 
was used to irradiate copper nitrate as sources of 
copper oxide nanoparticles. Immersed UV source 
(125 W mercury medium pressure lamp) is used 
with maximum light intensity at 365 nm. The cell 
contains a quartz tube like a jacket for immersion 
UV source in the solution of copper nitrate. Pyrex 
tube is used as a reactor. An ice bath cools the 
reactor to avoid rising temperatures due to UV 
irradiation [35]. Accordingly, 30 ml of 0.02 mole 
urea is added slowly (drop by drop) to 30 ml, 
0.01 mole Cu(NO3)2 under magnetic stirrer for 
10 min at 30 ˚C. Then, the solution is irradiated 
by a photocell for 30 min. The blue powder is 
precipitate; it is separated and washed several 
times with deionized water. The precipitate 
has dried for one hour at 110°C and calcined at 
400°C for 3h. A black precipitate of copper oxide 
nanoparticles is obtained.

Synthesis of NiO Nanoparticles
To synthesise NiO Nanoparticles, 30 ml of a 0.02 

mole of urea is added slowly (one drop per second) 
to 30 ml, 0.01 mole Ni(NO3)2 with a magnetic 
stirrer at 30 C˚. then, the solution is irradiated 
by photocell for 30 min. Light green powder is 
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precipitate; it is separated and washed several 
times with deionized water. The precipitate has 
dried for one hour at 110°C and calcined at 400°C 
for 3h. A black-grey precipitate of Nickel oxide 
nanoparticles is obtained.

Synthesis of binary CuNiO2 Nanoparticles 
Binary CuNiO2 Nanoparticles was synthesis by 

the same method. Accordingly, 30 ml, 0.01 mole 
Cu(NO3)2 was mixed with 30 ml, 0.01 mole Ni(NO3)2 
as stoichiometric ratio (1:1). Then, 60 ml, 0.02 
mole of urea is added slowly (drop by drop) to the 
mixture and kept stirred at 30 min for 15 min.  after 
that, the solution is irradiated by photocell for 30 
min. Binary superposition is precipitated as a blue-
green (dark) powder; it is separated and washed 
several times with deionized water (all steps done 
with centrifuge then decantation). The precipitate 
has dried in an oven at 100°C for 3 h and calcined 
at 400°C for 3 h. A blue-green precipitate CuNiO2 
nanoparticles have been obtained.

Synthesis of Graphene oxide and Graphene oxide\
Silver nanosheets

The modified Hammer method synthesized the 
graphene oxides (GO) nano-sheets. Accordingly, 2 
gm of graphite powder and  0.5g of sodium nitrate 
(NaNO3) were mixed with 50 ml of Sulfuric acid )
H2SO4 98%). The mixture was placed in the ice 
bath to remain at a temperature below 5 °C and 
kept stirring for 30 minutes. Next, 5 g of potassium 
permanganate (KMnO4) was added slowly to 
the mixture. After 15 h, 500 ml of distilled water 
was added under intense stirring. Then, 10 ml of 
32% hydrogen peroxide (H2O2) was added to the 
mixture. A multi-step purification procedure was 

applied to isolate the reaction product. It was 
centrifuged, cleaned, and submerged in deionized 
water and an HCl (20) % solution for several steps. 
In the end, the black-brawn product was dried at 
room temperature overnight to obtain graphene 
oxide Nano-Sheets [36].

To synthesis Graphene oxide\Silver (GO-Ag) 
nanosheet, 1 gm of GO  nano-sheets was dispersed 
in 40 ml of de-ionized water. Then, 20 ml of silver 
nitrate (0.5 N) was added with an ice bath. The 
mixture continued to stir for 30 minutes, after 
which it was slowly added 25 ml, 1 N of sodium 
citrate, with kept stirring for 6 hours. Finally, the 
brawn powder was separated and washed with 
de-ionized water several times and dry it at room 
temperature to obtain GO /Ag nanocomposites 
[37]. 

Fabrication of Dye-sensitized solar cell
Indium tin oxide coated glass (ITO) with an 85 % 

transmitted and 7 Ohm Resistant) washed several 
times with acetone, purified water in an ultrasonic 
bath to eliminate impurity, and dried with an air 
blower. A dye-sensitized solar cell (15*20*1 mm) 
was Prepared according to Mixing the nano oxides 
powder (0.3 g) and ethanol (10 ml) in a colloidal 
solution of CuO, NiO, and CuNiO2 nanostructures. 
The photo-anode was taken with a dropper on the 
conductive side to cover the colloid solution for 
45 min in the air, then annealed at 150°C for 30 
minutes[38]. The nanostructure oxides electrode 
is cooled and saturated with 0.5 M dye solution 
(cibacron brilliant red B) for 6 h. A conductive 
side counter electrode covers graphene oxide 
nano-sheets. The electrolyte solution (I-/I-3) was 
penetrated by capillary action from the anode to 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig .1. photo-chemical Immersed UV cell 
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the counter electrode. The two electrodes were 
kept using binding clips. And same steps again but 
used graphene oxide/ sliver nanocomposite as the 
cathode electrode for all of  (CuO, NiO, and CuNiO2 
) nanostructure.

RESULTS AND DISCUSSIONS
Some techniques have been used to 

Characterize CuO, NiO, and CuNiO2 samples. 
X-ray diffraction (XRD) Model D-5000 was used 

to investigate the composition of the specimens 
by using Cu-Kα radiation (λ=0.154nm) source 
in θ/2θ. The XRD (10˚ to 80˚) and measurement 
temperature (25 °C) are 2θ for each of CuO, NiO 
and CuNiO2 NPS [20]. Field emission scanning 
electron microscope (FE-SEM) model Jeol JSM-
6010LV A total of 20 μL was lowered over a grid 
of 300-mesh Cu and dried at room temperature. 
Photoluminescence measurements (PL) emission 
measured for selective metal oxide to calculate the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. XRD pattern of prepared samples before calcination A) Cu(OH)2 B)  Ni(OH)2 and, C) 
binary Cu(OH)2- Ni(OH)2

Fig. 3. XRD pattern of prepared samples after calcination at 400 ˚C, A) CuO B)  NiO and, C) 
CuNiO2  NPS
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energy gap of emission. A Raman spectrometer by 
Thermo Scientific fitted with a 532-nm laser and 
a 10-inch target was taken at room temperature 
used for GO and GO/Ag. TEM model Jeol JSM-
6010LV observed sample morphologies with 500 
X and 60 kX magnification with a 5kV accelerating 
violation. Before TEM analyzes, the samples (GO 
and GO/Ag powder) were discrete in the deionized 
and sonic water for approximately 15 minutes.

XRD characterization of metals oxide 
Nanostructures

The composition of the specimens was 
investigated using X-ray diffraction (XRD) Model 
D-5000 with a Cu-K radiation (=0.154nm) source in 
2Ɵ. Figs. 2 and 3 depict the sample’s XRD patterns 
Before and after calcination at 400 ˚C. Before 
calcination in Fig. 2 (A, B, and C), which agrees 
well with M(n)(OH)n. Both diffraction peaks can be 
indexed to the pure structure of the Cu(OH)2 JCPDS, 
[files No. 13-0420], Ni(OH)2 JCPDS, [files No. 13-
0420], and binary Cu(OH)2- Ni(OH)2 respectively. 

After calcination at 400 ˚C in Fig. 3 (A, B and C), 
The XRD pattern of CuO and NiO shows that all 
peak of refraction aligns perfectly with the normal 
refraction details for all CuO and NiO (JCPDS NO.48-
1548 and JCPDS No. 78-0643 respectively). For Fig 
. 4, A crystalline monoclinic structure is supported 
by the pattern. Peaks for CuO nanoparticles at 
diffraction angles of 32.5o, 35.4o, 38.7o, 48.7o, 
53.5o, 58.3o, which correspond to 110, 002, 111, 
and 202 020, 202 phases. The Diffraction pattern 
peaks have been observed at 37.1775, 43.1897, 
62.7810, 75.2675, 79.2376 degrees, which refer 
to planes of (111), (200), (220), (311), and (222) 
linked to the cubic structure of NiO (Fig. 3 B). There 
are no peaks for any impurity in binary oxides (Fig 
3 B), meaning that the sample is exceptionally 
pure. Sharp and intense peaks demonstrate typical 
quality crystalline CuNiO2 by a new at 35.84 and 
39.14 degrees. For determining the crystallite size, 
the Scherrer equation is used [20]. The crystallite 
size of CuO, NiO and CuNiO2 nanoparticles were ( 
13.36, 7.84 and 13.27) nm, respectively.
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On the other hand, Fig. 4 (a and b) shows the 
XRD pattern of graphene oxide nanosheets and 
graphene oxide-Ag nanocomposites. The plane 
matches the GO XRD pattern with a value of 2θ 
= 10.19° value that fits the plane (100). There 
was also a small peak at 2 =20.93 °, representing 
the plane (002). Because of functional groups 
containing oxygen during graphite oxidation, the 
spacing of the layer in Graphene oxide Nano-
sheets increases in contrast to graphite. On the 
graphene oxide Nano-sheets -Ag nanocomposite, 

a peak linked to both Graphene oxide Nano-sheets 
and Ag nanoparticles was observed (interlayer 
spacing of 1.392 nm). However, a minor shift of 
the peak to the lower 2 confirms that Ag NPs are 
intercalated with GO sheets.

FE-SEM characterization
FE-SEM was used to investigate the surface 

morphology of pure CuO, pure NiO, and binary 
CuO-NiO nanoparticles calcined at 400 ˚C. (Fig. 
5). The production of semi-spherical aggregates  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. EDX spectrum of CuO NPs

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. EDX spectrum of NiO NPs
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Fig. 8. EDX spectrum of CuNiO2 NPs

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. EDAX- mapping of CuO NPs



151J Nanostruct 12(1): 144-159, Winter 2022

A. Fadhil Kamil et al. / Fabrication of CuNiO2-based Dye-sensitized Solar Cells 

as nearly uniform distribution for all prepared 
samples can be concluded from SEM analysis. 
In addition, the crystal nature of equal-sized 
synthesized nanoparticles is demonstrated. 
CuO, NiO, and CuNiO2 nanoparticles have been 
discovered to have average sizes of 19 nm, 13 nm, 
and 21 nm, respectively, and are homogeneous 
with little aggregation due to their small size. 
These findings are nearly identical to those 
obtained from the Typical XRD pattern.

EDX characterization
The EDX spectrum of CuO, NiO, and CuNiO2 

nanoparticles is shown in Figs. 6, 7, and 8. Typical 
Nickel, Copper, and oxygen peaks are present in 
the spectrum. The results confirm the high purity 
of the synthesized nanostructures. In addition, 
the theoretical calculations of the elements agree 
with the practical estimates obtained from the 

EDX measurement. Figs. 9, 10, and 11 indicate 
that CuO, NiO, and CuNiO2 NPs have been spread 
well by the mixed catalyst’s matrix. Further data 
indicate typical images of x-ray mapping to display 
the distribution of elemental components of a CuO 
and NiO catalyst, which will support the dispersion 
of the catalyst elements.

TEM spectroscopy
The TEM  of CuO, NiO, and CuNiO2 nanoparticles 

are shown in Figs. 12 A, B, and C. The TEM image 
of nanoparticles of different shapes and sizes 
is shown in Fig. 12. The size of the particles 
varied between 4 and 17 nanometers. The larger 
particles may result from smaller nanoparticles’ 
agglomeration with dimensions that match the 
XRD analysis described. The crystallite size is 
measured with XRD based on the expansion of 
Bragg’s reflections because of the number of  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. EDAX- mapping of NiO NPs
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parallel lattice planes causing diffraction. The 
Scherrer equation parameter k approximates 
the crystallite shape factor; however, the size 
distribution is not considered, resulting in size 
values different from the TEM.

Fig. 13 A and B shows different thicknesses. 
Dark regions represent the dense stacking 
nanostructures of several layers of GO and GO\Ag 
with certain feature groups of oxygen. The higher 
clarity levels indicate much thinner films of a few 
layers of graphene oxide \silver resulting from 
stacking exfoliation. GO and GO\Ag Significantly 
wider surface area with high delaminated graph 
layers transparency (about one-layer thickness). 
The TEM images indicate that GO sheet layers 
are 4 to 6 nm thicker than graphs of a single layer. 
The increased thickness is due to the insertion of 
functional groups containing oxygen that thicker 
and alters the GO sheet surface (Fig. 13 A). The 
particle size of silver on a surface of GO was less 
than 20 nm. Therefore, Ag nanoparticle growth’s 

diffusion rate could rely heavily on the number 
of Ag atoms given to standing clusters (Fig. 13 B). 
Finally, autocatalytic oxidation comprises steps 1 
and 2 to absorb the remaining AgNO3 to obtain 
the nanoparticles of Final Ag.

Raman spectroscopy
Fig. 14 (a and b) shows the Raman spectra 

of the prepared GO sheets and GO/Ag 
nanocomposites samples. The Raman spectra of 
the prepared GO sheets showed typically (a) and 
GO-Ag nanocomposites (b) peaks near (1355 and 
1592 cm−1), (1345 and 1572 cm-1), respectively. 
Thus, Raman’s shift to GO sheets and GO-Ag 
nanocomposites shift to the sp2 region. A more 
clearly realized 2D splitting phenomenon is the 
luxurious spectrum of Fig. 14 (a and b) [36,37], in 
which the existence of the 2D band is visible. In 
comparison, the 2D band of GO plates and GO-Ag 
nanocomposites are more symmetric, showing 
that their crystallites have decreased the number 

 

 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. EDAX-Mapping of CuNiO2 NPs
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of graphic layers. However, the 2D range of GO-
Ag and GO-Ag represents a sharp and symmetrical 
summit. The number of layers formed through 
measurement is less than 3 layers, and SEM also 

confirmed this.

Photoluminescence measurements (PL) 
Nano-powder of CuO, NiO, and binary CuO-
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Fig. 12. TEM images of A) CuO NPs, B) NiO NPs and, C) CuNiO2 NPs

Fig. 13. TEM images of A) GO nano-sheets and B) GO\Ag  nanocomposite

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

500 1000 1500 2000 2500 3000 3500 4000

600

900

1200

1500

1800

2100

2400

In
te

ns
ity

 (a
.u

.)

Raman Shift (cm-1)

D

G

2D

500 1000 1500 2000 2500 3000 3500 4000
100

150

200

250

300

350

400

In
te

ns
ity

 (a
.u

.)

Raman Shift (cm-1)

D G

2D

a b 

Fig. 14. Raman spectra of a) GO nano-sheets and b) GO-Ag nanocomposites.
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NiO nanoparticles calcined at 400 oC were 
analyzed using a solid-state photo-luminescent 
(PL) spectrum (Perkin– Elmer spectrometer design 
LS55 with photomultiplier tube ) for prepared 
its emissions. The behaviour of the PL spectrum 
is highly influenced by the size distribution of 
nanoparticles, which can be derived from various 
sources. To measure the emission energy gap, Figs. 
15,16 and 17 show the fluorescence spectra of 
CuO, NiO, and binary CuO-NiO nanoparticles with 
a maximum wavelength of 437 nm, 364 nm and, 

434nm, respectively. The PL spectra have a single 
peak in this case, with a nearly wide full width at 
half limit (FWHM). According to the equation Eg 
(e.V) = 1240\λ [20], the energy gap was calculated 
to be 2.83, 3.40 and 2.04 e.V, respectively.

Dye-sensitized solar cells parameters
Figs. 18-20 shows the current density-voltage 

(J-V) curve of the CuO, NiO, and CuNiO2 NPs -based 
DSSC. The parameters of dye-sensitized solar cells, 
like Isc, Voc, Imax, and Vmax, were calculated from 
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the J-V curves, and the fill factor and cell efficiency 
were determined by a solar simulator with a 
halogen lamp and a light intensity of 100mW/cm2 
using the equations [20]:

ɳ = 𝑝𝑝𝑝𝑝
𝑝𝑝𝑝𝑝𝑝𝑝 × 100%    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                     (1)

𝐹𝐹. 𝐹𝐹 = 𝐽𝐽𝐽𝐽  𝑉𝑉𝑉𝑉
𝐽𝐽𝐽𝐽𝐽𝐽  𝑉𝑉₀𝑐𝑐            

 

                                                    (2)

 Tables 1-3 show the Dye-sensitized solar cells 
parameters that were determined. Because of the 
concentration sensitizing dye and small particles 

of synthesized metals oxide nanoparticles, it was 
critical for metals oxide nanoparticles-based Dye-
sensitized solar cells parameters. This study used 
two counter electrodes, Graphene Nano-sheets 
(GO) and Graphene\Ag nanocomposite (GO-Ag). 
The cell’s power conversion efficiency improved 
with higher dye concentrations in each of them 
(GO and GO\Ag). According to data, The cell 
efficiency is arranged in sequence CuNiO2 > CuO 
> NiO. This arrangement can be mainly due to 
the gap energy of the oxides, and the increased 
absorption may also justify the dye molecules’ 
high efficiency on the metal oxide nanoparticles’ 
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Fig. 17.  The PL analysis of CuNiO2 NPs
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surface. As a result, CuNiO2 nanoparticles are 
promising for future photovoltaics because the 
process is simple, and the materials can even be 
produced easily. However, the current density 
rating was relatively poor. The photo-current is 
the most important parameter for calculating 
the overall device efficiency limit. As particle 
sizes reach the nanoscale, the parent materials 
behave differently due to their large surface area 
and surface energy. When comparing the Dye-
sensitized solar cells prepared by GO Nano-sheets 
with GO\Ag nanocomposite, we note that the 
efficiency was high when the electrode had GO\
Ag nanocomposite. The reason was the increase 
in the surface area and the high conductivity that 
silver gave when attached to graphene, leading to 
greater freedom of movement of the electron and 
increased efficiency [38].

CONCLUSION
Finally, the photolysis method produced CuO, 

NiO, and CuNiO2 NPs. According to TEM, the average 
particle size of the synthesized CuO, NiO, and 
CuNiO2 NPs ranged from 4 to 17 nm. SEM and TEM 
revealed the nanoparticles’ spherical appearance, 
with little aggregation. In PL spectroscopy, the 

CuO, NiO, and CuNiO2 NPs showed a broad surface 
Plasmon resonance absorption peak at max= 437, 
364, and 606 nm, respectively, with energy gaps 
of 2.83, 3.4, and 2.04 eV. Current density-voltage 
behaviour under simulated sunlight was used to 
investigate the performance of the CuO, NiO, and 
CuNiO2 DSSC. Due to a considered increase in dye 
absorption on the surface of CuO, NiO, and CuNiO2, 
the high effectiveness of the manufactured DSSC 
was clear. The fabrication of DSSC at different 
concentrations of dye and counter electrodes 
using photochemically synthesized CuO, NiO, and 
CuNiO2 is a promising and straightforward method 
for our future well-being as photo-sensitizers for 
the DSSC dyes released into the water as waste 
from textile factories are used.
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