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Abstract

A simple chemical method for producing ZnO/ CuO/ CdS nanoparticles using a
chemical route (SILAR) method has been utilized. XRD patterns show hexagonal
structures for ZnO, spheres, and cubic-formed CuO/CdS nanoparticles.
Nanoparticles showed a blue shift in their UV-VIS energy band edge with (3.7, 3,
and 3.2) eV for ZnO, CuO, and CdS. The morphology of ZnO, CuO, and CdS
nanoparticles is investigated using scanning electronic microscopy (SEM). The
XRD pattern reveals that the crystallites size are 15-30 nm. Photoluminescence
reveals a yellow-green (520 nm) region for ZnO, a blue (380 nm) region for CuO,
and a red (440 nm) region for CdS. The CdS wideband gap restricts its application.
In this manner, we combined ZnO, CdS, and CuO for the band gap design of the
heterojunction and to get improved optoelectronic properties. Present results show
that heterojunctions could be useful for long-term usage and effective photodiode
applications.
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1. Introduction

Colloidal nanoparticles (NPs) have drawn broad logical and mechanical intrigues due to
their size dependant properties, distinctive optical and electrical highlights.These
characteristics made colloidal nanoparticles potentially suitable for use in LEDs [1-4]. [5] and
photonics devices.

Zinc oxide (ZnO) is an unusually wide bandgap (3.3 eV)semiconductor that exhibits
various properties that make it suitable for many mechanical applications, including gas
sensors [7], UV and blue light emitters [8], and transistors [9].

Copper (1) oxide (CuQ) is another oxide semiconductor that has low bandgap (1.2 eV). It
is a P-type semiconductor The bulk CuO has a monoclinic structure. The copper particle is
facilitated by 4 oxygen particles in a square planer setup [10,11].

A cadmium sulfide (CdS) photoresistor (or photocell) changes its resistance depending on
the light concentration falling on it. It is delicate, quick, and has been around for decades. It is
regularly utilized in road lights and as an "electric eye." Note that resistance reduces from
millions of ohms in obscurity to as few as many hundred ohms in shining light. A
straightforward test is to utilize an ohmmeter and observe the resistance change with light
exerted [12]. Cds nanocrystals have prevalent optical and electronic properties due to their
unfilled electronic orbitals. In any case, the wideband gap of CdS limits its application.

SILAR method is one of the chemical methods for producing thin films. SILAR's
preferences include viability, the ease with which the statement hardware can be made, and
the hardware's ability to be made controlled statement rates, and a wide spectrum of
statement parameters for the control and optimization of film properties and thickness. SILAR
is a chemical deposition method for blending thin films in which the essential building pieces
are ions rather than atoms. Therefore, the preparative parameters are effectively controllable.

This study aims to prepare ZnO/CuQ/CdS heterojunction nanostructures using the SILAR
simple, low-cost method to obtain heterojunction of nanoparticles with properties that can be
used in various industrial applications such as fluorescent tube luminous material, active laser
media, sensors, and so on.

2. Experimental
2.1 Materials used
1-ZnO Nano rod preparation

Hexamethylenetetramine (HMT) and zinc nitrate (Zn(NO3)2.6H20) solutions were
prepared in a reaction vessel in an equimolar ratio of (0.1M). At that time, the precursor
solution (zinc nitrate) was submerging the pre-seeded substrate (ITO)and bake for a few hours
at 50 oC. After the growth of ZnO nanorods, samples were soaked in deionized (DI) water to
expel any residuals and then dried. The ZnO NRs thickness, morphological structure, and
angle proportion can be controlled by altering the response parameters like precursor
concentration, pH value, temperature of growth, and time of growth [12]
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2-CuO Nanoparticles:

Copper nitrate (Cu (NOs3)2.H,0) and HMT were utilized as the precursor solutions(Cu
nitrate) for the CuO growth nanoparticles. For the formation of CuO nanoflower structures, (5
mM) copper nitrate and (1 mM) HMT were diluted in deionized water. The substrate was
immersed in the reaction vessel, which contained the precursor solution (Cu nitrate). The
vessel was stacked in the laboratory oven at 90°C for 4 to 5 hours.

3-CdS nanoparticles preparation:

Thioacetamide (C,HsNS) and cadmium nitrate tetrahydrate (Cd (NO3),.4 H,O) were used as
sources of cadmium, with a (1 M) concentration of polyethyleneimine as a surface stabilizer
or surfactant for growth control of CdS nanoparticles.

Figure 1: schematic digram of SILAR method

In the SILAR method, the substrate was immersed separately in two precursor solutions
and then washed with water to remove loosely bound species. Cation precursor adsorption,
water rinsing, anion precursor adsorption, reaction, and yet another rinsing constitute a one
SILAR cycle. Figure 1 shows a schematic diagram of the SILAR method.

3. Results and discussion
3.1.X-Ray Diffraction
The crystallite size was calculated using Scherrer's formula, [13]:
D=091N)/(PcosO) [1]

Where: D is the crystallite size, A is the X-ray wavelength, B is the diffraction line
broadening, measured at full width at half maximum (FWHM), and 0 is the diffraction angle
(deg). The crystallite size and other parameters (broadening, and dislocation density) for ZnO,
CuO, CdS [14] are shown in Table (1).

XRD technique was used to study the prepared thin films of ZnO, CuO, CdS, and ZnO
/CuO/ CdS heterojunction. Figure 2 shows the XRD patterns of specimens. The lattice
parameters of ZnO thin films evaluated from XRD patterns (Figure 2a) are well understood as
(JCPDS, 36-1451)[24]. ZnO XRD pattern showed peaks at 100, 002, 101, 102, 110, 103, 200
at 0=31.1°, 32.90, 43.40, 52.81°, 60.1°, 66.8°, respectively.
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All the peaks in the XRD pattern of CuO (Figure2b) can be indexed to the monoclinic
structure, as confirmed by the JCPDS, File No. 80-1916. The lattice parameters for CuO show
peaks at 020, 021, 110, 002, 111, 042, 130, 131, 151, 113, 200, 152, and 202 corresponding to
0=180, 24.90, 29.70, 33.40, 35.3°, 39.1°, 42.7°, 49.8°, 56.3°, 63.1° ,66.8°, and 74.3°,
respectively. The normal crystallite size estimated for CuO nanoparticles calculated from the
XRD pattern was 22.3 nm[15].

The XRD pattern of the CdS precipitated NPs are in Figure 2C The peaks are credited to
hexagonal CdS (JCPDS — record No. 10-0454). The broad peaks indicate nano size particles.
XRD indicates cubic structure. It appeared that the sizes of the nanoparticles between (10-20)
nm [16].

Table 1: XRD parameters

parameter ZnO CuO Cds
B (deg) 0.05 0.03 0.087
D (nm) 185 22.33 10.4
e (*10%) 683 565 1116
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Figure 2: XRD analysis for a-ZnO b-CuO c-CdS

3.2.0ptical characteristics

The UV-Visible spectra of CuO nanoparticles are blue-shifted compared to that of the
bulk. The energy bandgap (Eg) was calculated from the assimilation spectra.The optical
bandgap (Eg) of the thin films was determined using the Tauc plot:

(@w)=A(v-Eg) el [3][17]
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Energy bandgap was calculated from Fig 2 it was found to be (3eV) due to surface to
volume ratio. CuO films have a high thickness of surface, interstitials, and oxygen vacancies.
Photoenergy spectroscopy has been utilized to investigate the optical outflow properties of
CuO nanoparticles.
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Figure 3: (ehv )? as a function of hv for ZnO, CuO, CdS, and ZnO/CuO/CdS hetrojunction.

Many photoluminescence bands were generally reported for CuO nanostructures from UV
to near IR region. Because of the oxygen vacancy, the most frequent peaks occur between 400
and 600 nm, as opposed to the band edge at 450 nm. The optical properties of the synthesized
nanoCds, as well as UV-Vis estimations, revealed that CdS has a coordinate band and a gap
larger than 3.2 eV depending, on the heat treatment and conditions. In this way, heat
treatment can be utilized to control nanoparticle size. The emission spectra appeared to be the
most extreme at almost 603 nm, with a redshift of approximately 100 nm and an expanding
tempering temperature related to the nearness of defect states within the nanoparticles.

Photoluminescence(PL) spetroscopy was used to explore the optical and emission
characteristics of CuO nanoparticles. The emission at 420 nm comes from band edge
emission, whereas the emission at 600 nm comes from oxygen vacancy emission as in Figure
4.

The crystallite size varies between 15-20 nanometers. Peaks in the yellow-green region
(520 nm) may be seen in the PL spectra. The PL low energy suggests that CdS excitonic
emission is not the source of PL. Additionally, the excitonic PL band is primarily visible at
(440 nm) in the blue region with restricted Cds nanoparticles. Given the levels of deformity
compared to the bulk, recombination is most likely the cause[15,16].

Donor-acceptor recombination that includes a state in the CdS band could be the origin of
the low energy band. Therefore, the local defects like sulphur, cadmium, and vacancies are
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largely responsible for the defect states that contribute to the low energy band edge PL. The
low energy band in this study is probably caused by sulphur vacancies[17].
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Figure 4: Photoluminescent spectra for ZnO, CuO, CdS,and ZnO/CuO/CdS

3.3 Scanning Electron Microscopy (SEM):

studying the morphology of thin films is an exceptionally important way to explore the
microstructure of thin films. Figure 5 shows the surface morphological structure of the
synthesized films. SEM images clearly shows the stoichiometric formation of ZnO nano-
crystals of rod-shape. ZnO nanorods have uniform shape and length, align vertically on the
substrate.CuO images show the formation of nano branches with nanoclusters here and there.
The formation of some dislocations and vacancies could be noticed. While CdS images show
uniform nano spheres and less vacancies in comparison with ZnO and CuO. The
heterostructure images of ZnO/CuQ/CdS have more horizontal branches with existence of
nanospheres that appear in small clusters.
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Figure 5: SEM for a -ZnO b-CuO C-CdS d-ZnO/CuO/CdS Hetereojunction

3.4 Current-Voltage Characteristics:

Current-voltage characteristics curves (IV curves) of an electrical component shows the
relation between the current passing through it and the voltage applied across it. It is a family
of curves that shows the operation of a certain electronic component in an electrical circuit.

{111

R
. 1, y v/
T Photo-Diode

Figure 6: A photodiode circuit.

Figure(6) shows a photodiode connected in an electrical circuit to study its IV
characteristic curves. The diode is biased by the 5V battery in order to be used as a practical
device or as a rectifying device. By the same manner the heterojunction ZnO/CuO/CdS was
connected in an electrical circuit and its IV characteristic curve is as shown in Figure 7.
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I-V characteristics
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Figure 7: I\Vcharacteristics for heterojunction ZnO/CuO/CdS

The current-voltage characteristics vary in light as in Figure 7. The reverse current rises as
a result of the photocurrent generation[20]. The IV characteristics of the ZnO/CuO/CdS
heterojunction device when forward biased indicates the possibility of solar manner, which
represents 1V characteristics under illumination; while with reverse biasing it shows the I-V
characteristics in the dark. However, the curve shows good behavior as a photodiode [21,22].

4. Conclusions

A study of heterojunction of nano ZnO/CuO/CdS particles prepared by a
simple method using a chemical route (SILAR) method was presented. XRD patterns show
hexagonal structure for ZnO and CdS, and monoclinic for CuO. Nanoparticles showed blue
shift in their UV-VIS energy band edge with (3.7, 3, 3.2) eV for ZnO, CuO, and CdS. SEM is
used to study the structure, morphology of ZnO,CuO,CdS individually, Photoluminescence
reveals a yellow-green (520 nm) region for ZnO, a blue (380 nm) region for CuO, and a red
(440 nm) region for CdS. CdS wide band gap restricts its application to this unmistakable
local. In this manner, we combined ZnO, CdS, and CuO for the band gap design of the
heterojunction and to get improved optoelectronic properties. Present results show that
heterojunctions could be useful for long-term usage and effective photodiode applications.
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