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In this paper, CuO/ZnO nanocomposites thin films were elaborated with different combination ratio of precursors (copper chloride,
zinc chloride) dissolved in distilled water using the spray pyrolysis method in order to study their physicochemical properties.
Nanocomposites were elaborated as thin films deposited on the surface of ordinary glass at 550°C using a cheaper and fast technique.
Optical, structural and morphological properties of the latter have been examined by UV-vis, X-ray diffraction (XRD), RAMAN,
SEM/EDS and AFM. XRD peaks prove the attendance of the polycrystalline models of CuO and ZnO with preferential orientation.
Raman shift spectrum confirms the attendance of CuO and ZnO nanocomposites. SEM/EDS and AFM support that there is same
roughness on the surface of the ordinary glass RMS=106 nm, which is suitable for the mechanism of photodegradation. In the visible
region, we notice a high absorbance and high optical band gaps (Egap=4.07 eV) that is suitable for the photodegradation of undesirable
substances.

Keywords: Spray Pyrolysis; CuO/ZnO; Thin Films; Precursor;, RAMAN, Photodegradation

PACS: 73.50.-h, 73.50.Pz

1. INTRODUCTION

Semiconductors attract considerable attention from fundamental and application points of view, due to their widely
exploited properties [1-3].Considerable efforts have been focused on semiconducting metal oxides (TiO,, MgO, ZnO,
CuO, SiO», etc), have been the subject of numerous research works and they have attracted great interest in the academic
and industrial circles because they present a remarkable improvement in the properties of materials compared to
conventional micro and macrocomposites [4-8]. The development of these materials is linked to their interesting physical
properties and their advantages over other materials (available, stable, non-toxic, low cost, etc.) [9,10]. These materials
(oxides) are good candidates for applications in different technological sectors, particularly in photovoltaics and
optoelectronics [11-13]. Currently, the association of two oxides cites great attention from researchers because of their
various practical applications such as photocatalyst, sensor, fabrication of microelectronic circuits, piezoelectric devices,
fuel cell and solar cells [14-17].

In this case, we have many contents with higher amounts of oxides based on zinc (ZnO) and copper (CuO) that act
on semi-conductors with more advantages for different applications. The composite nanostructures of these semi-
conductors have a large interface and allow for multiple functional functions and a voice to new applications. The ZnO
is a semi-conductor type with a large cross-band direct current (3.37 eV) and a strong exciton energy environment of
60 MeV at the ambient temperature and electrical properties. It is necessary to pay attention to large applications with
potential in luminescence, photocatalysts, electricity, gas caps, solar cells, hydrocarbon storage and information [18].
Copper oxide is a beneficial semiconductor material due to its cheaper price, most availability from raw materials and the
most important is their non-toxicity. They are used in transistors, spintronic devices, super capacitors, gas sensing electro
chromic devices and photocatalysis The, with a gap of 1.2eV at low temperature [ 19]. In the Uv-vis domain, its gap energy
is 1.2 to 1.7 eV [19,20] which requires a low energy (hv) for the electron to move from the valence band to the conduction
band, but unfortunately it turns out that this gap energy is a little weak to degrade an organic and inorganic pollutants [21].
For that we opt to improve the optical and energetic properties by adding to this semiconductor another n-type
semiconductor (ZnO) [21, 22].

This amalgamation can produce interstitial defects which lead the easily passage of the electrons from the valence
band to the conduction band by releasing a higher energy to use the oxidation reduction reactions at the semiconductor /
pollutant interface (liquid or gas) [21]. The composite nanostructures of these semi-conductors have a large interface and
allow for multiple functional functions and a voice to new applications.

Several methods have been used to synthesize ZnO-CuO composites. Among these methods, we can cite Co-
precipitation [23], hydrothermal [24]; sol-gel [25] and the Spray Pyrolysis method [26]. The latter offers many
manufacturing advantages comparable to the deposition methods, namely the use of available and less expensive
equipment, the ability to operate at atmospheric pressure and at low temperature, easy control of manufacturing
parameters, compatibility with large deposition surfaces. In this work we study the fast and cheap synthesis of CuO/ZnO
thin films made with the spray pyrolysis technique.
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2. EXPREMENTAL PROCEDURE

In this work, we have used a simple device for deposition, it is a small spray perfume bottle filled with a desired
precursor solution (copper chloride (S;) zinc chloride (S,)), prepared with distilled water at different concentration of
precursors as follows: Crow= 0.05M and Vreui=10ml (Fig. 1). The zinc chloride ZnCl,,2H,0 and copper chloride CuCl,,
2H,0 are Sigma-Aldrich products with more than 98% of purity.

In the open air with Troem = 25°C and t = 1 hour, the solutions were prepared. The precursor solutions have been
sprayed onto ordinary glasses heated at 550°C. Before that; the ordinary glasses are cleaned like the previous
protocol [21].

Substrate

Figure 1. Principle of Spray Pyrolysis

3. RESULTS AND DISCUSSION
3.1 The UV-Visible characterization

ZnO and CuO thin films are n-type and p-type semi-conductors, and the direct result of Zn and Cu gaps in the
assembly of the structure leads to the formation of holes in the valence bond. Equations (1) and (2) calculate the gap
energy [21].

The optical absorbance spectra of thin films elaborated with different percentage of CuO/ZnO were shown in
Figures 2 and 3. The obtained thin films reveal low and strong absorption in the visible region with a= 381.57nm more
or less for all thin films. These are the basic characteristics of a solar selective absorber.

In order to determinate the CuO/ZnO band gap energy, the experimental data were extracted and reformed to
absorption coefficient (o) as follows [21]:

_1 (1-R?) (1-R)* 2
@ =< In[*——=+V " +R] (1)
Where
a: Absorption coefficient;
t: Thickness;

R: reflectance;
T: transmittance;
The thickness t is nanometrically scaled Eg and a can be calculated by Tauc eq. (2):

ahv = A(hv - E,)" 2)

Where h is the photon energy, A is an independent constant of the energy and n is 2 or 0.5 for the indirect and direct
allowed transition respectively, for this reason, the gap energy can be computed by extrapolating the linear part of the
plot (ahv)? with respect to hv (Fig. 3) [21]. we can see that the crystallite sizes of the CuO and ZnO are the responsible
factors who can give same band gap variation. In this work, the connection between the band gap and crystallite size was
investigated previously [27]. As a result, by adding another precursor the crystallite size is increased. Thus, a high
crystallite size is, a band gap is. [27]. CuO is 3.7 eV gap energy in water less than what we found in this work, Eg = 4.07
eV for equimolar concentration of precursor solution (50 % ZnCl,; 50%CuCl,). For this reason, we believe that the equi-

concentration of the precursor gives the good results for the photdegradation of pollutants.
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Figure 2. Different optical absorbance of CuO/ZnO nanocomposite thin films
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Figure 3. Different Band Gap of CuO/ZnO nanocomposites thin films

3.2. XRD Characterization & Crystallites Sizes Calculation

Fig.4 show the X-ray diffraction spectra for CuO/ZnO nano comoposite film made with the Spray Pyrolysis
Technique. while the precursors were added in equi molar concentration, CuO/ZnO nano composites thin films formed
show a various intensity of peaks at 2theta: 16.39, 37.51, 41.32, 43.50, 56.39 and 68° corresponding to the diffraction
planes of CuO and ZnO with monoclinic crystalline arrangement. This observation is in good agreement with the JCPDS
card 89-5899 for monoclinic crystalline structure
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Figure 4. X-ray diffraction of CuO/ZnO thin films at T=550°C
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Using Scherrer equation [27, 28]: Crystallite size can be deduced from XRD spectrum from several peaks mentioned

below:
kA

D= 3)

" W cos6

Where:
D: Crystallites size
K: shape factor named “Scherrer constant” ( K=0.9 )
W: Full width at half maximum (FWHM) expressed in radians and 0 represents the peak position (radians)
L: Wavelength of X-ray sources (Cuk, = 1.5406 A).
We notice that CuO/ZnO grain sizes produced at homogeneous mixture of the precursors solution (copper chloride (S;)
zinc chloride (S;)) are in nanometric scale with a small increase of 15 to 30 nm unlike CuO/ZnO elaborated independently
[29-31]. We can gather the crystallites sizes values calculated by (3) in Table 1.

Table 1. Crystallites sizes values

Peaks (20°) Plane (hkl) Crystallite size (nm)
37.36 101 27.56
40.58 111 41.76
42.73 200 12.01
56.20 110 12.33
67.18 112 26.12
74.90 004 08.97

3.2 Raman Characterization

Raman characterization of CuO-ZnO nanocomposite thin films is an effective method to study the structural and
electronic properties of these materials. Raman spectroscopy allows analyzing the vibration modes of chemical bonds in the
material, which can provide information on the phase, purity, and interactions between the different phases of the
nanocomposite. Figure 5 shows the Raman shift of CuO/ZnO thin films at T=550°C, it shows the presence of the majority
of characteristic bands of CuO and ZnO nanocomposite thin films.

In this case, one can expect to observe characteristic peaks related to each phase, as well as interaction or coupling
peaks between the two oxides. The main Raman modes for CuO are generally located around 290 cm™; 340 and 620 cm™,
while for ZnO the main modes are found around 380 cm™ and 570 cm™. This is consistent with the results reported in the
literatures [21,22].
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Figure 5. Raman shifts of CuO/ZnO thin films at T=550°C

3.3. Atomic force microscopy (AFM) characterization

In order to better measure the roughness of these samples, we based on the measurement of the factor of roughness
RMS to the surface of the software WSxM software [32]. AFM analysis was carried out to observe the surface morphology
of CuO/ZnO films. Fig. 6 shows the topographies of the CuO/ZnO thin films at T=550°C, the results of the analysis
indicate the presence of islands with different shape, size and number. This is well described according to the “Volmer-
Weber” mode i.e. the binding energy between metal ad-atom and substrate atoms is smaller than the binding energy
between metal ad-atoms themselves, which leads over potential deposition (OPD) of a 3D metal forming on substrate.
For the pulse CuO/ZnO thin films pro-duced with equimolar of precursor shows there is same roughness on the surface
of the ordinary glass RMS=106 nm, which is suitable for the mechanism of photdegradation in the visible region
(Figure 6). By way of comparison, Biinyamin Sahin et al [33] have obtained a roughness lower than found rms values of
60, and 23 nm for ZnO/CuO nanocomposite thin films synthesized by the SILAR (Successive Ionic Layer Adsorption
and Reaction) method.
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Figure 6. AFM image of CuO/ZnO thin films at T=550°C
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3.4 SEM/EDS Characterization
From the Figure 7, we can see that there is a large heterogeneity of deposition on the surface with a nanometrical scale
of particle; CuO is spherical form [20] and ZnO is rod with hexagonal form [34] which are suitable for the displacement of
the electron from the valance band of CuO to the conductivity band of ZnO that favourite the photodegradation.

% Co0100%

Figure 7. SEM images of CuO/ZnO thin films at T=550°C

In other hand, EDS characterization illustrate that all chemical elements of thin films on the surface of the substrate
shows the presence of CuO/ZnO nonocomposite arrangement (Fig.8) [21, 22].

Elt. Line Intensity Atomic Atomic Conc Units Error MDL
(cis) %  Ratio 2-sig 3-sig
QO Ka 88.83 67.142 1.0000 51486 wi% 2496 0783

Si Ka  167.94 30420 04532 40960 wi% 1458 0.540
Cu Ka 085 08681 0.0101 2078 wt% 1.007 1511

Zn Ka 162 1748 00260 5478 wi% 1024 2886
100,000 100,000 wi.ba Total
W 150
Z Takeoff Angle  35.0°

Elapsed Livetime 20.0
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Figure 8. EDS result of CuO/ZnO thin films at T=550°C

4. CONCLUSIONS

This study has made it possible to meet the objectives set concerning the fast and cheap synthesis of CuO/ZnO thin
films made with the Spray Pyrolysis Technique. Successful synthesis of thin films samples with the spray pyrolysis
technical by different percentage of precursor solution of CuCl,, 2H,0 and ZnCl,,2H,0, dissolved in distilled water, from
the most important results obtained, it is possible to conclude that:

- The UV-Visible characterization shows that all thin films exhibit ultraviolet optical transmission.

- XRD, SEM/EDS and RAMAN characterization of CuO/ZnO nanocomposites confirm the presence of the various
phase of CuO and ZnO and the crystallite size are at the nanometrical scale.
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Finally, according to these results and compared with the literature CuO and ZnO are suitable for photodegradation
of organic and inorganic pollutants. Several issues are still open for future investigation in order to fully understand the
synthesis of CuO/ZnO thin films for photodegradation of pollutants. Hopefully, the results presented in this study gives
a contribution to this understanding.
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IMBUJIKWM TA IEINEBAW CUHTE3 TOHKIX IJIIBOK CuO/ZnO, BATOTOBJIEHUX
3A METOAHWKOIO CITPEEBOI'O IIIPOJII3Y
IO. Beanan, A. Byxank, /I. Beabdename, P. €xaed
Hayxoeo-0ocnionuii yenmp npomucnosux mexronoeiii CRTI, Yepaza, Andowcep, Anscup

VY miii cratTi Oyno po3pobieHo TOHKI IuTiBKH HaHOKOMNO3uTiB CuO/ZnO 3 pi3HUM CHiBBiZHOLICHHSM KOMOIHALild MPEKypcopiB
(xJIopuA Mifi, XJIOPH IIUHKY ), PO3YNHEHUX Y IUCTHIHOBAHIN BOI METOIOM PO3MITIOBAIEHOTO MIPOi3y 3 METOIO BUBUEHHS 1X (hi3HKO-
XiMiyHuX BractuBocteil. HaHokoMmo3utu Oyiu po3pobiieHi y BUIJIAAI TOHKHX IUTIBOK, HAHECCHHX HAa MOBEPXHIO 3BHYAHOTO CKJa
npu 550°C 3a 1OMOMOroro JenreBIIoi Ta mBHAKOI TexHikM. ONTHYHI, CTPYKTYpHI Ta MOP(OJIOTiYHiI BIACTHBOCTI OCTAHHBOTO OYIIN
nociipkeni Metonamu Y ®@-uninenns, nudpakuii peHTreHiBebkux npomeHiB (XRD), pamaniBcskoro poscitoBanus, SEM/EDS Tta
AFM. XRD-nmiku [IOBOIATH NPHUCYTHICTH mnomikpuctamiunux wmonened CuO Tta ZnO 3 mepeBaxkHoro opieHTariero. CrexTp
KOMOiHALIHOTO 3CyBY MiATBepKye HpucyTHicTh Hanokommo3uTiB CuO ta ZnO. SEM/EDS ta AFM miaTBepkyoTh, IO Ha
MOBEPXHi 3BUYafHOTO CKJIa € 0/IHaKoBa HIOPCTKICTh RMS=106 HM, sika miAX0IUTh AJs1 MexaHi3My ¢oToaerpaaarii. Y Buanmiii obmacti
MH TIOMiYa€MO BUCOKE IOTJIMHAHHSA Ta BEJIHKI onTw4Hi 3a0opoHeHi 30HM (Egap= 4,07 eB), mo migxoauts g doronmerpanamii
HeOa)XaHUX PEYOBHH.

Karouosi cnoBa: cnpeii-niponiz; CuO/ZnO; mouxi naiexu; npexypcop;, RAMAN, ¢pomoodespadayis



