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Article History Abstract − The present study was conducted to obtain Cu:ZnO nanoparticles by precipitation technique from 

chemical bath deposition wastes and to characterize the samples by various techniques to determine their size, 

morphology, band gap and defect energy states. In this work, Zn1-xCuxO nanoparticles (x= 0.025, x=0.050, and 

x=0.075) were synthesized by co-precipitation technique using chemical bath deposition wastes of Cu:ZnO thin 

films. The XRD evaluation showed that the well-crystalline hexagonal wurtzite ZnO indexed peaks. Average 

crystallite sizes were found to be around 35.6-42.9 nm range by using the Debye-Scherrer equation. Surface mor-

phology results showed that dense layer of nano-roses and less nanorods formations in low Cu-concentrated 

(x=0.025 and x=0.050) samples. The optical absorption edge shifted slightly to the higher wavelength from 350 nm 

to 375 nm with decreasing copper concentration, as mentioned the blue shift. Blue shift might be caused an increase 

in optical band gap from 3.14 eV to 3.28 eV due to the decrease in Cu concentration. In this study, the preferred co-

precipitation technique was performed by using the wastes of chemical bath deposition.  This work aims to produce 

high quality Cu:ZnO nanoparticles and investigate their optical properties by using “Chemical Bath Deposition” 

wastes of Cu:ZnO films. In this way, the recovery of chemical bath deposition waste and the production of thin 

films and nanoparticles from a single solution might be possible.  
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1. Introduction  

Although hazardous waste represents a very small proportion of all waste produced in Europe, they possess 

different risks on the human health and environment. Especially, recovery of solvent and chemical wastes 

(liquid, semi-solid and solid forming) is a serious problem in chemical laboratories. Recycling can be done 

by returning chemicals stored in labeled containers to the original supplier, or by donating them to academic 

institutions that may have a legitimate need, or by converting them into products that have a legitimate use. 

Chemical bath deposition (CBD) is the most preferred technique in chemical thin film production due to its 

simplicity, inexpensive and lack of installation. However, storage of the remaining toxic waste solutions 

which occurred during the production process result storage and health problems. Furthermore, excess waste 

solvents and precipitation production can be seen as the major problems for CBD technique in industrial 

scale applications (Chu et al., 2021). In order to solve this significant problem, Wang has a patent that propo-

sed waste liquid recovery system for CBD (Wang, 2019). In CdS thin layer synthesis, more than 90% of 

ammonia has been recovered and purified enough to be recycled directly to formulate new baths. In addition, 

recycling of cadmium was achieved by leaching of solid cadmium compounds and cadmium electrowinning, 

as investigated by (Malinowska et.al., 2002). In this work, the residues of chemical bath waste that collapses 
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to the bottom has been used in nanoparticle synthesis, as in the same co-precipitation technique. The optical 

properties of Cu:ZnO nanoparticles have been studied by many researchers. Cu-doped ZnO nanoparticles has 

a broad peak at 505 nm in PL spectrum so the enhanced visible light optical activity can be observed (Vasu-

devan et al., 2020). Naik et.al. investigated that Cu:ZnO nanoparticles have violet (423 nm) and blue (478 

nm) emissions with changing optical band gap altering Cu concentration although Cu-concentration has no 

obvious effect on the PL spectrum (Naik et al., 2021). Tuning of crystallite size and shape, the distortion of 

the host lattice, blue shift of absorption edge and energy gap (3.66 eV to 3.99 eV) was reported by Cu addi-

tion, as explained by (Anita et.al., 2020). It is known that, blue shift is so beneficial for opto-electronic devi-

ce and light-emitting diode applications (Debanath et al., 2013). 

2. Materials and Methods  

In this study simple co-precipitation was performed by using the wastes of chemical bath deposition applied 

solutions. All chemicals had high purity ( 99%) and purchased from Sigma-Aldrich. Detailed Cu:ZnO thin 

film synthesis by using chemical bath was explained in our previous study (Sarf et al., 2021). The waste 

solutions obtained from this study were kept for one day.As shown in Figure 1, precipitation was centrifuged 

and then washed by ethanol and distilled water for several times to remove surface impurities. All products 

were annealed at 500 C for two hours. In the Zn1-xCuxO nanoparticle samples, x is 0.025, 0.050 and 0.0075. 

Structural characterization was determined by Rigaku SmartLab X-ray diffractometer employing CuKα 

(1.5406 Å) radiation which operated under 40 mA and 45 kV with using powder method. Surface 

morphology of the samples was investigated by JEOL JSM- 7100F-SEM (Scanning Electron Microscope). 

Elemental microanalysis (wt%) of nanocomposites was determined by OXFORD Instruments X-Max EDX 

(energy-dispersive X-ray spectrometer) which had been attached to SEM. The optical properties were 

recorded in 300-900 nm range and examined by using Analytical Jena Uv-Vis spectroscopy. 

 

 
Figure 1. Experimental setup demonstration 

3. Results and Discussion  

3.1. Structural Properties  

Structural characterization and structural parameters were determined by using x-ray patterns in the 2=20-

80 range. All of the samples had hexzagonal würtzite ZnO structure, as shown in Fig. 2 and typical ZnO 

indexed peaks of (001), (002) and (101) were observed, according to JCPDS Card No: 36-1451 without 

impurity. A slightly shift was not detected by increasing Cu concentration from 2 values due to Cu2+ (0.73 

Å) ions were substituted with Zn2+(0.74 Å) ions due to the ionic radius Cu2+ is so close to Zn2+ compared to 

pure ZnO sample from  previous study (Vasudevan et. al., 2021). In the literature, the copper in ZnO is 

diavalent (Das et al., 2017). Cu incorporation into ZnO lattice caused a decrease in ZnO crystallinity 

compared to reference pure ZnO. In addition an increase in the lattice disorder and imperfections caused by 

Cu2+ ions replacement with Zn2+ ions, as shown in similar study by (Vasudevan et.al., 2021). By the 
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increasing Cu ratio from x=0.025 to x=0.075 resulted in thermodynamically favorable (002) intensity 

increased with improving crystallinity. Preferential orientation of the samples had (101) peak. 

 

Figure 2. X-ray patterns of Zn0.025Cu0.075O, Zn0.050Cu0.050O and Zn0.075Cu0.025O nanoparticles 

Structural parameters of the samples have been shown in Table 1. The average particle size of the samples 

(D) was measured by Debye-Scherrer equation without strain effect, as shown in Equation (3.1); 

D = 
0.94 𝜆

 𝛽ℎ𝑘𝑙𝑐𝑜𝑠𝜃
                                   (3.1) 

 

Microstrain (ε) of the samples was calculated by Equation (3.2); 

 

𝛽ℎ𝑘𝑙cos𝜃= 4εsin𝜃                        (3.2) 

 

In addition, dislocation density (δ) which is a measure of the amount of defects in the crystal was measured 

by Equation (3.3); 

 

δ =1/𝐷2                                       (3.3) 

 

where 𝜆 is the wavelength of x-ray radiation, 𝛽 is the full width at half maximum (FWHM) and 𝜃 is diffrac-

tion angle and ε is the strain. 

No major change was observed in the strong peaks with the addition of copper. This may be due to the dis-

placement of copper atoms by zinc in the hexagonal lattice, the separation of copper into the non-crystalline 

region at the grain boundaries. 

Table 1 

Structural parameters of Zn0.025Cu0.075O, Zn0.050Cu0.050O and Zn0.075Cu0.025O nanoparticles 

 2θ 

 (°) 

d  

(Å) 

D  

(nm) 

Microstrain  

(ε) (%) 

Δ 

(nm-2) (10-4) 

Zn0.075Cu0.025O 36.63 2.4511 35.6 5.479 7.89 

Zn0.050Cu0.050O 36.57 2.4568 40.2 5.160 6.22 

Zn0.025Cu0.075O 36.53 2.4575 42.9 4.993 5.43 

Measured structural parameters according to preferential orientation (101) peak were shown in Table 1.  
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Average crystallite size increased with the increasing of Cu concentration in the host ZnO, and it could be 

attributed to heterogeneous crystal growth at low supersaturation and crystals could grow faster than they 

nucleate, which result in a larger crystal size distribution (Istrate et al., 2021). c/a value of 1.48 was smaller 

than ideal c/a value of 1.63 due to the substitution of Cu into ZnO which indicated the electronegativity dif-

ference between Zn and Cu (Labhane et al., 2015). 

3.2. Elemental Analysis  

 

 

 
Figure 3. Elemental analysis results of (a) Zn0.075Cu0.025O, (b)Zn0.050Cu0.050O and (c) Zn0.025Cu0.075O nanopar-

ticles. 

The presence of elements Zn, O and Cu (%w) was shown in Fig.3 . No impurity signal was detected from 

solution based with Zn, Cu and O elements signals were detected. . The characteristic peaks of O appeared at 
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0.5 keV while the characteristic peaks of Zn appeared at 1 and 8.7 keV. The Cu signal at 8.04 keV was ob-

served in the synthesized samples. Similar results were obtained in our previous  study (Sarf et.al., 2021). 

3.3. Surface Morphologies 

    Surface morphology of the samples were shown in Fig.4. No crack formation was detected and nano-rose 

type forms and nanorods were shown in Zn0.025Cu0.075O and Zn0.050Cu0.050O nanoparticles which implied 

growth process was similar for both of the precipitated particles. 

 

 

Figure 4. Surface morphology of a)Zn0.075Cu0.025O, b)Zn0.050Cu0.050O and c) Zn0.025Cu0.075O nanoparticles 

The decreased Cu concentration caused an increase sizes of petal formations from 1 m to 1.5 m and nano-

rod forms decreased, implying deteriorating crystallinity, which caused the petal sizes to increase. Similar 

results were reported by Drummer et. al for  transition metal oxide nanoparticles (Drummer et al., 2021). 

Particle shape deterioration was observed in Zn0.025Cu0.075O samples with a possible increase in hydroxide 

formations, since the ratio of copper reached solution and formed residual precipitation, however the x-ray 

patterns of these samples could not be indexed. Therefore it was difficult to measure the average grain size 

from the less-resolved SEM images in Zn0.025Cu0.075O nanoparticles. 

3.4. Optical Properties 

    Optical transparency spectra of Zn0.07Cu0.03O and Zn0.04Cu0.06O nanoparticles was shown in Fig.5 between 

300-900 nm range. All of the nanoparticles showed sharp absorption edge between 350-380 nm range while 
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pure ZnO had an absorption edge at 400 nm. In higher (x=0.075) and optimal (x=0.050) Cu concentrations, 

the optical absorption edge was at 350 nm. 

 

Figure 5. Uv-Vis spectrum of Cu doped ZnO nanoparticles 

Optical transparency increased with increase of copper concentration. By decreasing copper concentration to 

x=0.025, the optical absorption edge shifted slightly to the higher wavelength from 350 nm to 375 nm  which 

was defined as blue shift phenomenon (Gahlahut et al., 2016). The absorption edge shifted towards lower 

wavelength with the increase of metal dopant so optical absorption edge shifted to lower wavelengths (Liu & 

Zang, 2018).  Some impurity based weak peaks were observed at 570 nm and 650 nm. Optical band gap 

measurement of the samples was determined by using Tauc plot for direct band gap (n=2) from optical ab-

sorption values between 300-900 nm range. An increase of optical band gap was observed by the decreasing 

Cu concentration that correlated to blue shift. This decrease of band gap was consistent to study of (Ma et.al., 

2019). The decrease in the optical band gap of ZnO:Cu with increasing Cu doping indicates that copper set-

tles in the zinc crystal. The fact that the electronegativity of zinc atoms is lower than that of copper atoms 

can also be shown as a reason for this effect. In another case, it can be said that the concentration of majority 

carriers and changes in the electronic structure of the material cause this decrease. As the size of nanoparti-

cles decreases, surface and interfacial effects become important and the optical band gap structure changes. 

This in turn affects the optical band gap of nanoparticles. 
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Figure 6. Optical band gap of Zn0.025Cu0.075O nanoparticles 

 

Table 2  

Optical band gap of Cu doped ZnO nanoparticles 

Sample Optical band gap (eV) 

Zn0.075Cu0.025O 3.28 

Zn0.050Cu0.050O 3.23 

Zn0.025Cu0.075O 3.14 

 

Figure 7. Photoluminescence (PL) spectrum of Cu doped ZnO nanoparticles in the 300-700 nm range 
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In Fig.7., PL spectrum of Cu doped ZnO nanoparticles were shown in the range between 300-700 nm. All 

synthesized nanoparticles exhibited three major emission peaks at 389 nm, this UV region peak was attribut-

ed to donor–acceptor pair transition (Raji & Gophchandran, 2017). It was interesting that peak intensity was 

similar for x=0.075 and x= 0.025 and decreased for x=0.050. It may be explained that the peak intensity of 

PL varied depending on the ratio of dopant materials due to photogenerated electrons occupy shallow trap 

centers due to the substitution of Zn2+ ions by Cu2+ ions (Sarf & Kızıl, 2021). Other two peaks were at 485 

nm and 502 nm in the visible region and showed the transition between oxygen vacancies and oxygen inter-

stitial defects (Duofa & Zhang, 2009). The slight shift peak was observed a 485 nm with increasing Cu con-

centration from x= 0.025 to x=0.075 so band gap narrowing was shown in Table 2 (Kamarulzaman et al., 

2015). These results were consistent with similar studies in the literature (Kamarulzaman et al., 2015) and 

(Chang et al., 2010). 

4. Conclusion 

The present study was conducted to obtain Cu:ZnO nanoparticles by precipitation technique from chemical 

bath deposition wastes and to characterize the samples by various techniques to determine their size, 

morphology, band gap and defect energy states. Divalent Cu2+ ions were well substituted into Zn2+ sites and 

maintained ZnO crystallinity. Although elemental analysis confirmed that the presence of Cu (w%), X-ray 

patterns of Cu:ZnO samples showed any other Cu related phase as a result, doping process was successful. 

Doping of Cu to ZnO had a strong effect on the size and morphology of the samples, as a result, the optical 

and PL properties also varied accordingly. 
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