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ABSTRACT

Nanoparticles of copper oxide (CuO) are synthesized using a photolysis process. x-ray diffraction (XRD]) is utilized to
investigate CuO nanoparticle’s crystal structure, and transmission electron microscopy (TEM) is employed to analyze the
morphology and the average nanoparticle diameters. Results indicated that the CuO nanoparticles have a monoclinic
shape with a mean size of 14 nm. The UV – Visible measurement is shown that the bandgap of CuO nanoparticles is
1.61 eV. The CuO nanoparticles were applied in a photoanode section to fabricate photo organic sensitizer solar cells. The
4,4′-((3,3′-dimethyl-[1,1′-biphenyl]-4,4′-diyl)bis(azaneylylidene))bis (methaneylylidene)) bis (2-methoxy-phenol) was
synthesized via the Microwave irradiation method and used as an organic dye sensitizer with different concentrations
for solar cells. The highest energy conversion efficiency of the devices was approved to be 10.3% by (ITO/CuO
nanoparticles/photo organic sensitizer/iodine/Ag film/ITO).

Keywords: CuO, Nanoparticles, Organic dye, Photolysis, Solar cell

Introduction

Besides the development of supercapacitor1,2 and
battery,3 the development of solar energy rapidly
becomes an important source of renewable energy
as an alternative to other traditional sources. While
solar cells are recorded to be very efficient, all of these
cells are built on a laboratory basis using often rare
or costly materials. Research challenges include the
costly photovoltaic modules and the provision of a
significant portion of energy.4–6

The main photovoltaic (PV) materials currently on
the market are silicone. However, the “dye sensiti-
zation” in solar cells is one of the most attractive
methods in the development of solar radiation con-
version in the form of electricity at a low cost and high

performance.7,8 A dye sensitized solar cell (DSSC)
is a type of the third generation of solar cells that
is silicon-free. No high pure material and fairly low
cost of production is needed for the DSSC. It con-
tains four major components that affect the activity
of cells: photo anodes, photosensitizers, counter elec-
trodes, and electrolytes.9 Nevertheless, the design
and use of DSSCs, including long-term sustainability,
degradation, low output, etc, face several challenges.
These four components are a key role to enhance
DSSC’s performance. The selection of dye, which is
a part of the photosensitizer component, is a key ele-
ment. In 1887, the first photosensitization of organic
dye was recorded. the chemical compound (tris(2,2′-
bipyridyl-4,4′-carboxylate)ruthenium (II) (N3 dye)
was known to be the standard dye of classical DSSC.10
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Commercialized DSSC and modules using ruthenium
bipyridyl-based dyes (N3 dyes or N917) reached a
conversion efficiency of more than 10 percent.11 Such
dyes and those chemically produced are however
difficult to maintain and costly.12 Therefore, many
researchers are looking forward to developing new
dye sensitizers by considering efficiency and cheap
materials. Moreover, there are ongoing efforts for the
electrode to explore new materials, such as Nano-
crystalline semiconductor particles that keep DSSCs
stable. The ideal electrode material, such as copper,
aluminum, platinum, and tungsten should be capa-
ble of high electrical conductivity, excellent chemical
and physical constancy, efficient catalytic operation,
resistance to corrosion and affordability.13

The photoanodes are nanocrystal semiconductors.
Copper oxide (CuO) is one of many materials that
can be used as photoanodes in DSSC. CuO has in-
tensive priorities and was reviewed thoroughly for
its distinguishing properties in the various transi-
tion metals semiconductor oxides. CuO is a p-type
semiconductor and is considered to have a small
bandgap (Eg) in the range from 1.2 to 1.4 eV and
the monoclinic structure of a crystal, making it a
promising product for gas sensors, magnetic stor-
age, solar cells, electronics, semiconductors, varistors
and catalysts.13,14 Many researchers studied the CuO-
based p-type DSSCs. The obtained efficiencies were
found to be 3.4%,15 2.963%,16,17 1.7%18 and 0.5.%19

The variation of efficiencies was due to the type of
organic dye and the method of CuO synthesis that
affects the particle size, morphology and crystallinity.
For example, Langmar et al.,20 found the efficiencies
of commercial and synthesized CuO nanoparticles
that were used as photocathodes were 0.073% and
0.11%, respectively. The efficiency increased because
the synthesized CuO nanoparticles were smaller than
commercial ones which enable higher dye loading.
Moreover, other researchers studied CuO as a com-
posite with other nanoparticles such as TiO2, which
obtained efficiencies of 7.73%.21

The nanomaterials have unique characterizations
and have been studied in different applications.22–24

Size and shape constitute a significant determinant
of the packaging of nanocrystal atoms on the top or
the exposed side.25 Because of its inexpensive, easy
to access and high conductance, copper represents
a good alternative precursor for copper nanopar-
ticles (CuO-NPs) synthesis.26 The CuO-NPs can be
synthesized using various methods including elec-
trochemical approach,27 laser ablation method,28

microwave method,29 hydrothermal process,30 col-
loidal gas aphron,31 solvothermal method,32 Sono-
chemical method33 and ball milling.34 However,
several drawbacks come with these methods includ-

ing the unnecessary usage and hazardous reagents,
high temperatures and pressures, multistage synthe-
sis, additional capping agents, use of costly reagents
(NaBH4 and PVP), response time, the need for special-
ized instruments and the needs during the reaction for
external additives. The design of simple, stable, cost-
effective and convenient methods for copper oxide
syntheses nanoparticles is therefore important which
overcomes these drawbacks.

In the current study, the synthesis of CuO NPs is
done by the photolysis method which is used UV-
irradiation as a source for the first time. This method
is easy to set and use, efficient and low cost. Be-
cause the properties of nanoparticles change when
their sizes are decreased, the CuO NPs are used as a
photoanode in this study to determine their efficiency
in DSSC. Moreover, the organic dye was papered to
use as a photosensitizer in the solar cell.

Materials and methods

Materials

Copper(II)chloride (99%, blue), Urea (99%, White),
Vanillin (99%, yellow), ethanol (99.9%),o-toluidine
(99.9%, green) was purchased from Sigma-Aldrich.
The chemical products were analytical grades of
reagents and were used without a purification
process.

Synthesis of CuO NPs

The spherical nanoparticles of CuO were synthe-
sized by a photolysis process.35 The photocell kits
contain a UV source of a mercury lamp with a power
of 125 W that has a 365 nm wavelength of light
intensity, and the reactor tube of Pyrex was cooled
to prevent an increase in temperature due to the UV
irradiation by ice bath. 25 ml of 0.1M copper chloride
CuCl2 was mixed with 25 ml of 0.1M of urea using
deionized water as a solvent. The mixture was irra-
diated for half an hour. The produced (precipitate)
was separated and washed five times using deionized
water in a centrifuge. The black precipitate of CuO -
NPs was obtained while drying the material overnight
and calcining it in an oven at 400°C for three hours.

Synthesis of 4,4,-((3,3,-dimethyl-[1,1,-biphenyl]-4,4,-
diyl)bis(azaneylylidene))bis(methaneylylid ene)bis
(2-methoxy-phenol) (A).

The compound A was synthesized via microwave
irradiation method as shown in Scheme 1. (0.01 mol,
1.521 g) of vanillin was dissolved in 10 ml of ethanol.
The obtained solution was acidity with three drops
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Scheme 1. The procedure used tosynthesize the compound A.

of glacial acetic acid. Then, O-Tolidine (0.005 mol,
1.061g) was mixed with the obtained solution.36 The
mixture was irradiated by using a microwave at 300
Wt. for seven minutes. The precipitate was cooled by
using an ice bath for 2 hours. The green participate
was separated and washed with cold ethanol several
times and diethyl ether. Finally, it was dried in the
vacuum oven at 50°C. The yield of the compound is
90.01 %, 153.5°C melting point, and 480.56 Molecu-
lar Weight: Anal.Found for C30H28N2O4 (%): C, 74.9;
H, 5.78; N, 5.84. Calc. C, 74.93; H, 5.79; N,5.83. The
compound was characterized by FT-IR spectroscopy
and 1H-13CNMR.

The preparation of photo organic sensitizer solar cell
(POSSC)

The Indium-doped tin oxide (ITO) is resistant at
8 ohms and 83% transmission and coated glass was
washed sundry times with ethanol and de-ionized
water by using an ultrasonic bath. Then it was dried
using an air blower. A photo organic sensitized solar
cell (20 × 15 × 1 mm) was fabricated according to
the following steps:
First step: The colloidal solution of CuO-NPs was

synthesized by adding (0.2 g) of the nanoparticle
powder with absolute ethanol of 15 mL. The pho-
toanode was gained by using a dropper to cover the
conductive side of the glass with the colloidal solu-
tion, thereafter annealed at (200°C) for 1 hour in the
air.
The Second step: The CuO-NPs electrode was

cooled at room temperature, then it was immersed
overnight in the different concentrations (0.001,
0.005, 0.01, and 0.1 M) of compound A that were
dissolved in ethanol.

Third step: The nano-film silver (Ag) was coated
on the conductive side of the glass to use as a counter
electrode.
Finally step: The photo-anode (sensitized nanopar-

ticles of CuO) and the counter electrode coated with
nano-film silver (Ag) was assembled and the liquid
electrolyte (I–/I–3) solution penetrated by capillary
action into the working space and counter electrode.

Characterization

The powder of CuO was characterized by using
(Shimadzu XRD-6000, Japan). The X-ray diffractome-
ter was operated at 30 mA and 40 Kv to generate
radiation at a wavelength of 1.5406 Å. The size and
morphology of nanoparticles were measured using
TEM (JEOL JEM-2100, Japan). The absorbance of
CuO NPs was measured by UV-Visible spectrometer
(Shimadzu 160 V, Japan). The infrared spectra were
determined by using KBr pressed disc method on a
(Thermo FT-IR-8300, USA). FT-IR spectrophotometer
was measured in the range of 4000–400 cm–1. Micro
elemental analysis CHN were obtained on a Perkin-
Elmer Model 2400 CHNS, USA elemental analyzer.
1H -13C NMR was recorded spectra on a (Bruker Ultra
shield 400MHz, USA) spectrometer using DMSOd6

as the solvent, with tetramethylsilane as an internal
reference.

Results and discussion

The analysis of XRD was performed to know the
crystalline structure and quality. Fig. 1 displays the
XRD pattern of prepared of CuO nanoparticles. The
pattern supports the crystalline structure of the mon-
oclinic. All the peaks at diffraction angles (2Theta)
in the region of 32.7o, 35.8o, 38.7o, 48.7o, 53.5o,
58.3° correspond to 110, 002, 111, –202, 020, 202
phases for the CuO nanoparticles. The peak positions
are shown to be very much in line with the recorded
values (JCPDS) and they agree with references.37

TEM was carried out to obtain the quantitative
analysis of particle/grain size, distribution of dimen-
sions and morphology. Fig. 2 shows the TEM images
of synthesized CuO nanoparticles. The particles are
spherical and well dispersed. This means the CuO
nanoparticles are highly crystalline and have good
morphology because a key factor controlling the mor-
phology and structure of the final output is particle
aggregation.38 Fig. 2 shows, the particle size (aver-
age) was found to be 14 nm.

The diffuse reflection spectrum of UV-Vis was used
in the determination of the optical characteristics
of synthesized CuO nanoparticles. Fig. 3a shows the
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Fig. 1. XRD patterns of the CuO-NPs.

Fig. 2. TEM images of the CuO nanoparticles at different scale sizes (100 and 50 nm).

absorption spectra of CuO nanoparticles. The optical
properties of CuO nanoparticles have clear absorption
for visible light. The edge of absorption is used to
determine the type of transition and bandgap value.
The bandgap of CuO nanoparticles was calculated
using the Tauc Eq. (1):39

(
αhv

)2
= A

(
hv− Eg

)
(1)

where: The energy of the optical bandgap (Eg), Planks
constant (h), Absorbance (α), Frequency of incident
radiation = v, and A refers to band tailing parameter
(constant).

Fig. 3b shows the relationship between (αhv)2 and
the band gap for CuO nanoparticles. By extrapolating
the linear part to the energy of the optical bandgap
axis, the Eg value can be determined. The direct
bandgap value was found to be 1.61 eV which is much
greater than the recorded value of bandgap of bulk
CuO (1.4 eV) because of quantum confinement which
is due to an aspect ratio of the nanoparticles.40

The FT-IR data that comes from FT-IR spectrum
shows the major significant band (O-H) at 3350 cm–1.
It is shown to have an aromatic ring by the pres-
ence of the band following at 3073 cm–1 assignable
to aromatic_H stretching vibration.41 2981 (C-H
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Fig. 3. (a) Absorption spectrum of CuO nanoparticles in the visible range. (b) Plot of (αhν)2 versus the energy of bandgap for CuO
nanoparticles.

Fig. 4. The FT-IR spectrum of an organic compound A.

aliphatic), on the other hand, is the highest inten-
sity at 1619 cm–1 can be attributed to the amine
group (C=N).42,43 The strong band was shown at the
frequency of 1584 cm–1 that can be assigned to the
stretching of (C=C). The bond at 1426 cm–1 is due
to stretching ν(C-O) group in OCH3 and the bonds
at 1161 and 1224 cm–1 was attributed to stretching
vibration of ν(C-N) groups.42 Fig. 4 shows the IR
spectrum of a compound.

1H-NMR [DMSO-d6,TMS]: δppm = 2.47 (s,
6H,alphalic) for methy, δppm = 3.82 (s, 6H,alphalic)

for methoxy, 6.871 ppm (d, 2H, aromatic proton
H), 7.27–7.71ppm (m, 10 H, aromatic proton) for
the rings, 8.57 ppm (s,1H, imine) and 8.65 ppm
(s, 1H,imine). 9.42 ppm (s, 2H,O-H). The 1H-NMR
spectrum of a compound A is illustrated in Fig. 5.

The 13C NMR spectrum of organic compound
Scheme.2 is shown in Fig. 6. 13C NMR [δppm]: The
presence of the atom carbon for the imine group
(HC=N) is attributed from the peak at δ = 158.4.44

The presence of the atom carbon for CH3 was shown
in the range of δ = 18.8, and the presence of the atom
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Fig. 5. 1H NMR spectrum of an organic compound at 400 MHz.

Fig. 6. 13C NMR spectrum of the organic compound.
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Fig. 7. Photovoltaic properties of the DSSC.

Table 1. The parameters of organic sensitizer solar cell: (ITO/CuO nanoparticles/photo organic
sensitizer/iodine/Ag film/ITO).

The concentration of photo Jsc Vmax Jmax Pmax
organic sensitizer [M] Voc(V) (A/cm2) (V) (A/cm2) (W/cm2) FF η

0.001 0.58 0.030 0.34 0.015 0.0051 0.293 5.1%
0.005 0.70 0.032 0.36 0.018 0.0064 0.289 6.47%
0.01 0.72 0.033 0.56 0.017 0.0095 0.400 9.5%
0.1 0.75 0.034 0.61 0.017 0.0103 0.406 10.3%

carbon for OCH3 was shown in the range of 56.8.
The resonances because of the aromatic carbon atoms
in each of the rings of the synthesized compound
can be placed on the chemical shift in the range of
δ =154.3–112.61.

13CNMR δppm: 158.4 of (CH=N), 18.85 of methyl
group 56.8 of methoxy group, 112.6–154.3 carbons
aromatic rings.45

Fig. 7 displayed the photovoltaic properties of
DSSCs based on CuO nanoparticles as a photo-
electrode with different concentrations of organic
compounds as a photosensitizer. A solar simulator
consists of an organic solar cell that was illuminated
by a halogen lamp with an intensity of 100 mW/cm2.
The efficiency of solar cell power conversion was
measured by Eq. (2):46

η =
Pmax
Pin
=
VOC . JSC. FF

Pin
× 100 % (2)

where:
VOC, JSC and Pin represent the open-circuit pho-

tovoltage, the photocurrent of short-circuit density

and the power of incident light, respectively. The fill
factor is described by:

FF =
Vmax. Jmax
VOC . JSC

(3)

where:
Vmax is the voltage maximum output power.
Jmax is the current density at the maximum output

power.
With increasing the organic concentrations, the

power conversion efficiency of the cells was in-
creased. In more details, Table 1 shows the list of the
photoelectric characterization including Voc, Jsc, Vmax
and Jmax and FF. A huge difference in photoelectric
parameter values is shown when the organic con-
centration was increased to 0.01 M under the same
conditions. However, the values were not changed
noticeably with increasing the organic concentration
of more than 0.01 M. It was displayed that our DSSC
with photosensitizer concentration 0.1 M had the
highest short circuit current and high open-circuit
voltage. This is because of the molecular structure
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of CuO nanoparticles (favorable for the separation of
electron/hole pairs) with the diffusion rate of redox
electrolyte phase, increased sensing and absorption
of light by the organic compound. The result shows
the highest efficiency incomparable with the results
in the literature review.47

Conclusion

The CuO nanoparticles were synthesized success-
fully by a simple, affordable and efficient photolysis
approach. A micrographic analysis observed the dis-
tribution of spherical CuO NPs and the mean particle
diameter was measured to be 14 nm through TEM
measurement. The UV absorption was used to ana-
lyze the optical characteristics of CuO nanoparticles.
The direct optical bandgap of CuO NPs, which was
1.61 eV, was shown to be bigger than the bulk
material due to the quantum confinement of nanopar-
ticles. The efficiency of the organic dye was directly
proportional to its concentrations. It was shown to
have maximum efficiency at 10.3% with a 0.1 M
concentration.
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تصنيع خلية شمسية حساسة للصبغة باستخدام جسيمات النحاس النانوية 

 كأنود ضوئي

 

 4، علي جعفر مهدي3مهدي احمد محمد، 2، عذراء كطامي صكر1احمد مهدي رحيمة 

 1قسم الكيمياء، كلية العلوم، جامعة المستتنصرية، بغداد، العراق.

 2  قسم الكيمياء، كلية العلوم، جامعة  واسط،, واسط، العراق.

 3 قسم الفيزياء، كلية العلوم، جامعة واسط، واسط، العراق
 العراق. كربلاء،كلية هندسة تكنولوجيا المعلومات، جامعة الزهراء للبنات،  4

 

 اوكسيد النحاس، الجسيمات النانوية، الصبغة العضوية، التحلل الضوئي، الخلايا الشمسية. .الكلمات المفتاحية:

 ةالخلاص

 تم استخدام حيود الأشعة السينية وباستخدام عملية التحلل الضوئي. (CuO) يتم تصنيع الجسيمات النانوية لأكسيد النحاس  

XRD    لفحص البنية البلورية لجسيمات النحاس النانوية، ويستخدم المجهر الإلكتروني النافذ (TEM)  لتحليل التشكل

 14الميل بمتوسط حجم  لها شكل أحادي CuOومتوسط أقطار الجسيمات النانوية. تشير النتائج إلى أن الجسيمات النانوية 

فولت. تم تطبيق  1.61يظهر القياس المرئي للأشعة فوق البنفسجية أن فجوة نطاق جسيمات النحاس النانوية تبلغ ,نانومتر. 

 -'4,4 المركب  .في قسم الأنود الضوئي لتصنيع الخلايا الشمسية المحسسة للضوء العضوي CuOالجسيمات النانوية 

فينول(  تم -ميثوكسي-2دييل( تنائي)أزانيليدين(( تنائي )ميثانيليليدين(( ثنائي )-'4,4-ثنائي الفينيل[-'1,1]-ثنائي ميثيل-'3,3))

تصنيعه بطريقة التشعيع  باستخدام الميكروويف واستخدم  المركب كمحسس صبغة عضوية بتراكيزمختلفة للخلايا الشمسية. 

 ITO/CuO nanoparticles/photoorganic% بواسطة )10.3 تم اعتماد أعلى كفاءة تحويل للطاقة في الأجهزة بنسبة

ensitizer/iodine/Ag film/ITO). 


	Fabrication of Dye-Sensitized Solar Cell Using CuO Nanoparticles as a Photo anode
	How to Cite this Article

	Fabrication of Dye-Sensitized Solar Cell Using CuO Nanoparticles as a Photo anode
	Introduction
	Materials and methods
	Materials
	Synthesis of CuO NPs
	Synthesis of 4,4,-((3,3,-dimethyl-[1,1,-biphenyl]-4,4,-diyl)bis(azaneylylidene))bis(methaneylylid ene)bis (2-methoxy-phenol) (A).
	The preparation of photo organic sensitizer solar cell (POSSC)
	Characterization
	Results and discussion
	Conclusion
	Acknowledgments
	Author's declaration
	Author's contribution
	References

