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 Abstract: Different standard methods have previously been used for the synthesis 
of nanoparticles that produce unhealthy waste. They are also considered unsafe 
and expensive methods. An alternative technology is needed to synthesize 
nanoparticles that consume less energy and are more environmentally friendly. In 
this research, CuO and TiO2 nanoparticles have been synthesized, which produce 
good energy and no environmental pollution using an easy and fast method 
(electrochemical). Additionally, dye-sensitive solar cells (DSSCs) have been 
fabricated from CuO and TiO2 nanoparticles, which were synthesized by a new 
green method, and the pigments methylene blue as a chemical dye and chlorophyll 
as a natural dye. These DSSCs were characterized by their high ability to absorb 
ultraviolet energy, where the efficiency of energy conversion (ɳ) of ITO-CuO was 
approximately 3.69 and 2.61% with methylene blue dye and chlorophyll dye, 
respectively, while the efficiency of ITO-TiO2 was 3.20 with MB and 2.08% with 
chlorophyll. The results showed a significant progression of efficiency of energy 
conversion using methylene blue dye in both cells, and the DSSC using CuO was 
the best. 
Keywords: DSSCs; electrochemical; nanoparticles; copper oxide; titanium dioxide  

Introduction  

The dye-sensitized solar cells (DSSCs) studies have attracted several 

researchers since their invention.1 Compared to silicon cells, DSSCs are 
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low-cost, not hazardous, and the environment is pollution-free. Accordingly, 

the technology of DSSCs is promising for harvesting solar energy. This 

could significantly reduce the world's energy demand.2 In DSSCs, dye is 

used to harvest light and produce electrons, while titanium dioxide (TiO2) 

mimics carbon dioxide's role in photosynthesis.3 A critical parameter 

affecting the efficiency of the cell is the dye's absorption on the surface of 

nanoparticles.4 DSSCs consist of wideband semiconductors, selective dye, a 

conducting electrolyte, and two electrodes with opposite charges.5 In 

addition, sensitizer dye is crucial to the functioning of DSSC, and 

semiconductor materials that fulfil these properties are CuO, and TiO2.6 

Since TiO2 resists degradation under ultraviolet light.7 The chemical 

absorption of pigment on nanoparticles of CuO and TiO2 plays an important 

role in solar cell efficacy.8 

 Standard pigments can be replaced by natural dyes found in the 

leaves of fruits, plants, vegetables, and flowers without appreciable loss in 

efficiency.9 The non-toxicity of dye, availability, biodegradation capability, 

low cost, and efficiency make it suitable for application as dye-sensitized.10-12 

p-DSSC photocathodes with a higher dielectric constant and larger valence 

band gap were prepared using CuO nanoparticles.13 The CuO and TiO2 

nanoparticle powder can be made using a variety of techniques, including 

electrochemical precipitating, co-precipitation, sol-gel precipitation, 

solution combustion, and solid-state reactions. The electrochemical 

precipitating method, which is used in this work, produces nanoparticles 

quickly, easily, cheaply, at high purity, and in a very short time, not 

exceeding one day.14 In this study, chlorophyll as a natural dye and 

methylene blue as a chemical dye were utilized to generate electricity by 

applying photovoltaic solar cells.15 
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 Green synthesized copper oxide (CuO) nanoparticles (NPs), which 

were synthesized by the leaf extract of the Calotropis gigantea plant, were 

employed as electrocatalytic materials for the fabrication of counter 

electrodes in dye-sensitive solar cells (DSSCs), where solar to electrical 

energy conversion efficiency was ∼3.4%.16 In a previous study on the green 

manufacture of CuO nanoparticles using peppermint plant extract, the 

conversion energy efficiency was 3.3%.17 A study claimed the effectiveness 

of the sensitive dye in solar cells, manufactured based on titanium oxide 

nanoparticles and using three dyes obtained from the Begonia malabaricane 

L. plant (BM), Mela stoma malabathricum (MM), and Punica granatum L. 

(POM). Experimental results showed that DSSCs sensitized with BM dye 

achieve the highest conversion efficiency of 1.76% compared to MM and 

POM dye, which have maximum efficiency of 0.76 and 1.12%, 

respectively.18 In the study synthesizing titanium oxide nanoparticles and 

using sensitizers extracted from the natural sources of Agaricus Bisporus 

(mushroom) and Citrus Limonium (lemon) leaves, the efficiency of the 

solar cell was 0.54%.19 the current study showed higher efficiency than the 

studies mentioned above. 

 Experimental Section 

Materials 

All materials and solvents utilized in this search were used as such 

without further purification, whereas titanium foil (99%) and copper foil 

(98%) were obtained from Baoji Jinsheng Metal Material Company. 

Potassium chloride (96%), polyvinyl alcohol (PVA), and graphite electrodes 

were supplied from Fluka Company, and graphite electrodes were obtained 

from Graphite India Limited Company. Acetone (98%), ethanol (99%), 

polyethene glycol (PEG, 97%), and potassium iodide (97%) were provided 
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from CDH, and iodine (99%) was obtained from Thomas Baker. Deionized 

water (D.W.) was obtained from OneMed; methylene blue dye (98%) was 

obtained from Alfa Aesar; natural eucalyptus leaves and ITO glass  

(76.2 × 25.4 × 1.1 mm, 11–15 Ω) were obtained from Redox Me Company. 

Instrumentation  

  CuO and TiO2 were characterised using X-ray diffraction analysis 
(XRD) (PANalytical AERIS) (operates at 600W (15mA and 40kV), fast 
Pixel3D 2-dimensional detector, 6 sample automatic sample changer, high-
resolution expansion pack for improved resolution at low angles, 2" 
diameter sample holders, and scan parameters 0-90o (2ϴ), UV–vis diffuse 
reflectance spectroscopy (DRS) (Thermo Biomate 5 spectrophotometer a 
Double-beam, quartz-coated optic design with a wavelength range of  
190-1100 nm,  a wavelength accuracy of 1.0nm, and measure rates on up to 
7 samples in parallel, with run times up to 40 hours, field emission scanning 
electron microscopy (FESEM) (INSPECT F50) (30kV: 1.0 nm maximum 
beam current: 200 nA, high vacuum X x Y x Z (mm): 50 x 50 x 50 mm, 
stage tilt -15º a 75º, and rotation: 360º), EDX (thermo Axia) (accelerating 
voltage range: 200 V – 30 k, magnification: 5 to 1,000,000×, integrated 
current measurement: up to 2 μA, continuously adjustable beam current 
range, and true sight X EDS detector. Solid angle 13 mSr, resolution  
129 eV), and transmission electron microscopy (TEM) (EM 208S)  
(20-100 kV electron column, tungsten gun, twin objective lens, imaging 
modes: bright field, dark field, goniometer with single tilt holder PC, DOS 
OS, Philips UI, camera: CMOS 1.3 MP, vacuum system, and ODP with 
mechanical PVP). 

Preparation of CuO nanoparticles 

The CuO nanoparticles were synthesized by the electrochemical 

method using the active electrode (anode), which is an electrode made of 
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copper foil, and the inert electrode (cathode), which is a graphite electrode, 

as shown in Figure 1. A power source was also used. The anode and cathode 

were cleaned with ethanol and acetone before being rinsed with D.W.20 The 

electrochemical cell was filled with a 200.0 mL electrolyte solution 

consisting of 5 mL of 10% KCl and 10 mL of 10% PVA (stabilizer agent), 

and the remaining volume of the electrolyte solution was filled with 

deionized water. In addition, the active electrode consisted of connected 

pieces of copper foil (1 cm × 4 cm), which were placed face-to-face with a 

graphite electrode (2 cm × 5 cm) and subsequently immersed in the cell 

electrolyte.21 The electrolysis process was carried out in an undivided 

electrolysis cell and stirred at 30 °C for about 60 min at 25 V. The CuO 

precipitate resulting from this process was centrifuged, rinsed several times 

with ethanol and D.W., and then placed in a drying oven, where it was dried 

for about 60 min. at 70 °C before being calcined at 700 °C for around 60 

min.22 In the same way, TiO2 nanoparticles were synthesized, but titanium 

foil (1 cm x 4 cm) was used. 

 
 

Figure 1. The electrochemical apparatus used to synthesize the CuO and TiO2 
nanoparticles 

Fabrication of DSSCs 

ITO glass was carefully cleaned with ethanol and DW before being 
dried with air to remove impurities. The following method was used to 
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design a chemically and naturally dye-sensitive solar cell: a few drops of 
PEG were added to a small amount of nanoparticles (CuO or TiO2) to make 
a colloidal solution (photoanode). While the counter electrode was made of 
graphite powder and a few drops of PEG, the photoanode and the counter 
electrode were annealed at 300 °C for around 2 hours. The photoanode was 
placed in a chemical dye solution of 0.5% (w/v) MB by the same method, 
but another photoanode was put in a chlorophyll dye solution extracted from 
eucalyptus leaves.23 Then both electrodes are placed in the dark for about  
7–12 hours. Then, it is cleaned using ethanol and deionized water. Finally, 
2–3 drops of an electrolyte solution of 0.1 M iodine (10 g of KI and 3.715 g 
of I2 in 250 ml deionized water) as shown in Figure 2 are placed between 
the two electrodes, and the solar cell efficiency is determined.24 

 

 2MB, and (d)TiO 2Design of (a) CuO MB, (b) CuO Chlorophyll, (c) TiOigure 2. F
Chlorophyll dye DSSCs. 

  

Results and Discussions 

X-ray diffraction Analysis for CuO and TiO2 Nanoparticles 

The XRD is used for the assessment of the phase purity and 
crystallinity of inorganic materials.25 The XRD of CuO patterns suggests 

(a)  )b(  

)c(  )d(  
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that all diffraction peaks are in good agreement with the CuO standard 
diffraction data (JCPDS card no. 48-1548)26 as shown in Figure 3a. the 
structure of CuO NPS was monoclinic (tenorite), while other diffraction 
data were appearances (JCPDS No. 89-4921)27, as shown in Figure 3b. TiO2 
was in anatase and rutile phases. The average crystal size of CuO and TiO2 
NPs can be calculated using Scherrer's equation 1, where it was 39.24 and 
46.27 nm, respectively, because the variables of this equation obtained XRD 
data: 

ܦ = ௄ఒ
ிௐுெ஼ைௌ ఏ

           )1 (  

where D is the size of the crystals, θ is the Bragg diffraction angle, FWHM 
is the full width of the diffraction peak at half maximum, λ is the 
wavelength of Cu-K radiation (0.15406 nm), K is a constant and it is 
equivalent to 0.9.28   
 

 
(a) 

 
(b) 

Figure 3. X-ray diffraction pattern of (a) CuO, and (b) TiO2 nanoparticles 
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TEM Analysis for CuO and TiO2 Nanoparticles 

TEM microscopic images of CuO and TiO2 nanoparticles provide 

evidence that the CuO nanoparticles have a cubic shape and a very small 

diameter. Moreover, the TiO2 nanoparticles have a spherical shape. The 

statistical results showed that the average particle size of CuO and TiO2 NPs 

at the 100 nm scale was 23.03 and 36.85 nm, respectively. This is further 

evidence for the preparation of CuO and TiO2 nanoparticles, which is shown 

in Figure 4. 

 

Figure 4 TEM images and size distribution graphs at 100 nm scale of (a, b) for CuO, and 
(c, d) for TiO2 nanoparticles. 

 

 

C  
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FESEM Analysis for CuO and TiO2 Nanoparticles 

The morphology of CuO and TiO2 nanoparticles was observed using 

FESEM. Figure 5 indicated that the nanoparticles were prepared in the 

nanometer range, and some of the nanoparticles were well separated from 

each other, while most of them were present in the agglomerated form of 

tiny crystals. This agglomeration is due to electrostatic effects.29 Also, they 

provide evidence of CuO nanoparticle cubic morphology. While the TiO2 

nanoparticles have a spherical morphology, Statistical results showed that 

the mean particle sizes of CuO and TiO2 nanoparticles at 500 nm were 75.13 

and 79.10 nm, respectively. 

  

  
Figure 5. FESEM images and size distribution graphs at 500 nm scale of (a, b) for CuO, 

and (c, d) for TiO2 nanoparticles. 

a  
b  

c  d  
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EDX Analysis for CuO and TiO2 Nanoparticles 

The purity, confirmed composition, distribution of the elements in 

the samples, and stoichiometry of the electrochemically produced CuO and 

TiO2 nanoparticles were evaluated using EDX. Figure 6 reveals the presence 

of unique signals for oxygen, copper, and titanium, providing proof that 

there was a high level of purity in the samples. 

 

 
nanoparticles 2EDX spectrum of (a) CuO, and (b) TiOFigure 6.    

a  

b  
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UV-VIS DRS study of CuO and TiO2 Nanoparticles 

Nanoparticles of thin films of CuO and TiO2 were made on glass 

slides at room temperature and analyzed with solid-state UV-Visible 

spectroscopy. Figure 7 shows that the λmax obtained was around 353 and 

311 nm for CuO and TiO2 respectively, and the energy band gap was 

calculated by the Tauc relation equation 2.30 

ଵ∕௡ݒℎߙ = ݇(ℎߥ −  (2)      (݃ܧ

where K is a constant, α is the molar extinction coefficient, hν is the 

incident photon energy in eV, Eg is the optical energy band gap, and  

n: index depends on the type of transition. The band gap was estimated from 

the intersection of the two lines part of (αhν)2 Plots vs. hν on the hν axis. 

The equation is a direct band gap. Based on this equation, the bandgap 

values of CuO and TiO2 are 1.74 and 3.15 eV, respectively, indicating that 

CuO and TiO2 are semiconductor because the calculated energy gap values 

are less than 4.0 eV.31 

  
 

Figure 7. UV-Vis Spectrum of (a) CuO, and (b) TiO2 nanoparticles. 
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The DSSCs parameter 

 The dye- sensitized solar cells (DSSCs) were made of nanomaterials 

that were prepared and enhanced their efficiency using dyes, and the 

efficiency was calculated. The following formula was used to calculate the 

solar cell's energy conversion efficiency (ɳ)   :  

 ɳ = p max /pin = (Voc . Jsc . FF) / Pin x 100%  (3) 

where p max is the maximum power output, Voc is photovoltaic open 

circuit, Jsc is short circuit density, and Pin is a lamp power incident, which 

is equal to 40 mW/cm2. Additionally, the fill factor (FF) is represented by: 

  FF =௏௠௔௫ ௃௠௔௫
௏௢௖  ௃௦௖

      (4) 

where Jmax is the current density and Vmax is the maximum output voltage. 

The solar cell characteristics are Voc, Jsc, Vmax, Jmax, FF =, and ɳ for CuO 

and TiO2 with chlorophyll and methylene blue dyes provided in Table 1.  

Table 1. Photo-electrochemical parameters of the DSSCs, A=1cm under 

intensity light 40 Mw/cm2. 

NPs-Dye Jsc (mA) Voc (V) Jmax (mA) Vmax (V) FF ɳ % 

CuO-Chloropyll 4.8 0.62 2.9 0.36 0.35 2.61 

CuO- Methylene B 7.1 0.65 4.1 0.36 0.32 3.69 

TiO2-Chlorophyll 4.3 0.53 2.6 0.32 0.36 2.08 

TiO2-Methylene B 6.9 0.56 4 0.32 0.33 3.20 

  

Enhancing solar efficiency by using natural dye is attributed to auxochrome 
groups of chlorophyll dye, such as carbonyl (C=O) groups, which supply 
the ability to absorb the light in a visible spectrum from the sun. Thus, these 
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auxochrome groups can be connected to the Cu (II) and Ti (IV) positions of 
the nanoparticles' surface in favour of electron transfer from the chlorophyll 
molecules to the CuO and TiO2 conduction band. In addition, chlorophylls 
possess a porphyrin ring, which serves as a suitable light-harvesting antenna 
for assembling solar energy. Consequently, CuO and TiO2 with porphyrin 
have been good sensitizers for achieving photocatalysis of visible light.32 
While enhancing solar efficiency by using chemical dye (MB) is due to the 
occurrence of an electron transfer from the dye to CuO and TiO2 NPs, the 
results showed higher efficiency of the MB dye compared to the pigment 
chlorophyll. This was attributed to the synergetic effect of the phase 
junction of methylene blue and CuO and TiO2 NPs, which reduces the 
recombination of photoexcited electron-hole pairs.33 Additionally, due to the 
difficulty of fixing the natural dye on the semiconductor surface, as well as 
the presence of alkyl and vinyl groups in the structure, this causes a steric 
barrier that prevents chlorophyll molecules from interacting with CuO and 
TiO2 NPs.34 Finally, since cupric oxide nanoparticles, a photo-generating 
material, have higher absorption in the visible region and inject excess 
electrons into the structure, their energy gap is lower, the particle size is 
small, providing a large surface area for dye absorption on the metal oxide 
surface, and thus the conversion efficiency is higher compared to titanium 
oxide nanoparticles.35 Figure 8 shows the working electrode for the dye-
sensitized solar cell, which is based on synthetic CuO and TiO2 NPs. 

 
Figure 8. J-V curve of (a) CuO, and (b) TiO2 NPs for the dye-sensitized solar cell. 
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Conclusion 

 Dye-sensitized solar cells (DSSCs) with high efficiency in producing 

electrical energy were prepared from CuO and TiO2 nanoparticles safely and 

highly efficiently from available and cheap raw materials and by a safe, 

easy, and fast electrochemical method. The FESEM and TEM images 

indicated that samples revealed a well-ordered and good-sized distribution 

of particles, and the results of the XRD technique showed a nanoparticle 

synthesized in a small size. Also, the energy band gap was measured by 

using UV-Visible techniques. Dyes with high sensitivity to light were used 

to improve the efficiency of the cell, where the efficiency of energy 

conversion (ɳ) of ITO-CuO was approximately 3.69 and 2.61% with 

methylene blue dye and chlorophyll dye, respectively, while the efficiency 

of ITO-TiO2 was 3.20 with MB and 2.08% with chlorophyll. The results 

showed a significant progression in efficiency of energy conversion using 

methylene blue dye in both cells, and the DSSC using CuO was the best. 

The possibility of fabricating more efficient cells from natural materials will 

be investigated in the future. 
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