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Abstract: 

 
The sol-gel approach was employed to successfully synthesise pure ZnO, CdO NPs, and ZnO/CdO 

nanocomposite. The purity of ZnO, CdO, and ZnO/CdO composites at different concentrations was verified 

using X-ray diffraction analysis. The results indicated that an increase in the CdO or ZnO ratio of the 

ZnO/CdO composite corresponded to an increase in the average crystal size. The FESEM pictures revealed 

that the predominant grain structure for pure ZnO NPs is polyhedral and tiny in size, but for pure CdO NPs, 

the majority of grains are spherical and big in size. The grains in ZnO/CdO nanocomposites have a spherical 

shape, possess a polyhedral structure, and are smaller in size compared to pure CdO nanoparticles. The 

lowest average particle size of the nanocomposite was 98.8 nm for the 70% ZnO/30% CdO nanocomposite. 

The atomic force analysis indicates that the combination of 70% ZnO/30% CdO exhibits significant values 

for roughness, RMS, and a small value for average grain size. The UV-VIS spectra exhibited a red shift when 

the CdO ratio in the nanocomposite rose. Nanocomposite materials containing zinc oxide and cadmium have 

several possible future uses, including photocatalysis, medicinal devices, and more. High output, great 

efficiency, and cheap cost are the hallmarks of this approach. 
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Introduction 

 

 

1. Introduction 

The incredible scientific and technical progress of this century would not have been possible 

without nanotechnology. Recent advances in nanoscale research have opened up exciting new 

avenues of study in a wide variety of technological domains. Their exceptional mechanical 

hardness, thermal stability, chemical passivity, and enhanced optical, magnetic, electrical, and 

catalytic properties are the reasons behind this [1]. Zinc and cadmium oxide nanostructures are 

fascinating due to their n-type conductivity, making them one of the greatest materials for modern 
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technology. Paint colours, solar cells, and sensors are just a few of the many applications for zinc 

oxide and cadmium oxide [2]. In comparison to its thermal energy of 26 µeV, ZnO has a 

significantly higher binding energy of 60 µeV and a band gap of 3.37 eV [3]. As a semiconductor, it 

is known to be in the ℎ-ⅎ group of the periodic table, where ZnO is in the second group and O₂ is in 

the sixth. Zinc oxide was the first oxide to be used as a chemical sensor, and its sensing ability was 

greatly enhanced by adding cadmium oxide [4]. Concerning NO, CO, and CH4, according to what 

Ferro et al. [5] found. With an energy band gap of 2.3 eV and an indirect bandgap of 1.98 eV, CdO 

is a well-known semiconductor [6]. This aids in avoiding electron-gap recombination, which in turn 

lowers the band gap of zinc oxide as a result of compound development of semiconductor oxides 

[7], [8]. The formation of a ZnO/CdO compound is an effective technique for narrowing the energy 

gap [6]. This is because, as the band gap of CdO is narrower than that of ZnO, it reduces the 

distance between the valence band and the conduction band, which in turn facilitates electron access 

to the conduction band. An easy chemical method for making nanocomposite liquid material, sol-

gel, was demonstrated in this work. 

2. Experimental Work 

ZnO/CdO nanocomposites were prepared using the sol-gel method. In this preparation, zinc acetate, 

cadmium acetate, ethanol alcohol, and mono ethanolamine were used in the following method: 

1gm of zinc acetate Zn (CH3 COO)2 was taken, and 25 ml of ethanol was added. Stir it for 5 

minutes, then place it on the magnetic stirrer. 8 ml of monoethanolamine is added gradually to 

enhance its consistency and stability. It also plays an important role in improving the strength of 

adhesion and drying the gel. The solution is kept in this baker on the magnetic stirrer for half an 

hour in order to obtain a solution homogenous, transparent, and viscous, and then heated at a 

temperature of 200 ˚C in an oven to evaporate the solvent and obtain a homogenous gelatinous 

substance of ZnO nanoparticles solution. The above steps are repeated, the zinc acetate is replaced 

with cadium acetate in the same proportion, and a solution of nanoparticles of cadium oxide is 

obtained. Then a ratio of 0.9 of zinc acetate and 0.1 of cadium acetate is taken, and the steps in the 

first paragraph are repeated to obtain the nanocomposite of ZnO/CdO. The previous process was 

performed with all its steps in the following properties as well: (0.8/0.2), (0.7/0.3), (0.6/0.4), 

(0.5/0.5) of (ZnO/CdO), (zinc acetate), and (cadmium acetate). Thus, seven preparatory samples 

were obtained by this method.  

3. Characterization 

The structural, optical, and nanostructure properties of the prepared pure ZnO, CdO NPs, and 

ZnO/CdO nanocomposite were studied using an XRD device using a Philips Diffractometer (40KV, 

Cu Kα radiation with λ =1.5406Ao). Field emission scanning electron microscopy (FE-SEM, 

MIRA3 TESCAN) was used to analyse the structure and morphologies of the synthesised 

nanoparticales and nanocomposite. Image J and Origin LAB were used for statistical and image 

analysis. AFM (Atomic Force Microscope), the surface morphology and nanoparticle average 

dimension of the samples are studied by using Atomic Force Microscopy CSPM AA3000 AFM 

supplied by Angstrom Company. Ultraviolet spectroscopy was used to observe the optical 

absorption of the ZnO-CdO nanocomposite using a Shimazu spectrometer (2000) in the range of 

200–1100 nm. 

4. Result and Discussion 

4.1. X-ray diffraction spectra 

Zinc oxide, cadmium oxide, and their compounds' structural characteristics may be understood from 

the X-ray spectrum pattern. In order to match the samples, we employed the x-pert software, and to 

estimate their crystal size, we used the Scherer equation [9]: 



20 | INTERNATIONAL JOURNAL OF MEDICAL ANTHROPOLOGY AND BIOETHICSW 

https://multijournals.org/index.php/valeology 
 

 𝐶. 𝑆. =
𝐾 𝜆

(𝐹𝑊𝐻𝑀) 𝑐𝑜𝑠𝜃
ـــــــــــــــــــــــــــــ  1  

In this formula, K is the shape factor, λ is the X-ray radiation's wavelength, (FWHM) is the 

diffraction peak's full width at half maximum (in radians), and θ is the diffraction angle of Bragg's 

diffraction peak. 

The X-ray diffraction patterns of pure ZnO and CdO as well as ZnO/CdO composites at varying 

concentrations are shown in Figure 1. As an additional item, we have the JCPDS for the CdO card 

(01-075-0591) and the ZnO card (01-080-0075). Table 1 provides useful information on the crystal 

size, peak positions, Miller indices for diffracting planes, and full width at half maximum (FWHM) 

for the three diffraction peaks of ZnO and CdO materials, as well as the patterns of diffraction 

peaks. The results show that CdO has a cubic crystal structure and ZnO a hexagonal one. Other 

materials do not show any diffraction peaks, suggesting that the phase in question is clear of 

contaminants. The diffraction peaks of CdO and ZnO become more intense when the ZnO or CdO 

ratio in the ZnO/CdO composite rises, as seen in Figure 1. The ZnO/CdO composite shows no 

phase shift and no additional diffraction peaks for either component. Table 1 shows that as the 

ZnO/CdO composite's CdO or ZnO ratio increases, the average crystal size also increases. These 

results are consistent with the results obtained in reference [10], [11]. 

 

Figure 1: XRD spectrum of the pure ZnO, CdO, and CdO-ZnO composite at varying 

concentrations 
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Table 1: XRD analysis of ZnO, CdO pure, and ZnO/CdO composite with different 

concentrations of ZnO and CdO 

 

3.2. Field Emission Scanning Electron Microscope (FESEM) 
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After preparing the pure ZnO, CdO nanoparticles, and the ZnO/CdO nanocomposite in liquid form, 

they were deposited on glass substrate by the casting method, treated at a temperature of 200 °C to 

get rid of solvents, obtain a thin film for all samples, and examined with a Field Emission Scanning 

Electron Microscope (FESEM). 

The FE-SEM image in Figures 2–8 shows pure ZnO, CdO nanoparticales (NPs), and ZnO/CdO 

nanocomposite with different percentages of wt%. Figure 2 revealed that ZnO NPs had a 

morphology that was primarily polyhedron grains and dumbbell-shaped, with an average particle 

size of 69.7 nm, as shown in figure 2a. However, the majority of nanoparticales diameter values 

range almost between 20 and 165 nm, as shown in figure 2b. 

 

Figure 2: The FE-SEM image of (a) pure ZnO nanoparticales with magnification of 50KX, (b) 

Histograms of diameters with Gaussian distribution. 

 

Figure 3: The FE-SEM image of (a) pure CdO nanoparticales with magnification of 50KX, (b) 

Histograms of diameters with Gaussian distribution. 

As for the CdO nanoparticles, their sizes are larger; their average size is 338 nm, and they have a 

spherical shape and polyhedron grains, as shown in figure 3a. Based on the diameter distribution 

histograms, the statistical results show that most values of the nanoparticles diameter range almost 

from 100 nm to less than 800 nm, as shown in figure 3b. 

The ZnO/CdO nanocomposites shown in Figures 4–8 show that as the amount of CdO in the 

nanocomposite rises, the grains get smaller compared to pure CdO. At 70% ZnO/30% CdO, the 

average diameter of the grains is 98.8 nm. Then, when the ratio of CdO in the nanocomposite 

increases, the grain sizes increase, so that the average grain diameter is 217.9 nm at the ratio of 50% 

ZnO/50% CdO nanocomposite. 
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Figure 4: The FE-SEM image of (a) 90% ZnO/10% CdO nanocomposite with magnification 

of 50KX, (b) Histograms of diameters with Gaussian distribution. 

 

Figure 5: The FE-SEM image of (a) 80% ZnO/20% CdO nanocomposite with magnification 

of 50KX, (b) Histograms of diameters with Gaussian distribution. 

 

Figure 6: The FE-SEM image of (a) 70% ZnO/30% CdO nanocomposite with magnification 

of 50KX, (b) Histograms of diameters with Gaussian distribution. 
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Figure 7: The FE-SEM image of (a) 60% ZnO/40% CdO nanocomposite with magnification 

of 50KX, (b) Histograms of diameters with Gaussian distribution. 

 

Figure 8: The FE-SEM image of (a) 50% ZnO/50% CdO nanocomposite with magnification 

of 50KX, (b) Histograms of diameters with Gaussian distribution. 

The observed morphology was a result of combining both oxide morphologies, as follows: The 

morphology of the majority of the grains is polyhedral, and a few of them have a spherical shape at 

the ratio of 90% ZnO/10% CdO, while the spherical shape of the grains increases with the increase 

in the ratio of CdO in the nanocomposite, and the ratio of polyhedral granules decreases. The 

vibrant hue observed in the images can be attributed to the phenomenon of particle charging upon 

exposure to electron light [10]. 

3.3. Atomic force analysis 

Figure 9 displays a three-dimensional atomic force microscopy (AFM) picture depicting the surface 

structure of the pure ZnO, CdO, and ZnO/CdO nanocomposite at various concentrations of ZnO and 

CdO. The pellet surface of all samples exhibits uniform granules that are vertically cut into a 

spherical shape, accompanied by well-defined coarse grains inside the scanning region of 2.5x2.5 

μm. Table 2 presents the computed and recorded root mean square (RMS) values for surface rate, 

roughness, and average particle size. The findings shown in Table 2 and Figure 9 indicate that the 

combination of 70% ZnO/30% CdO exhibits significant values for roughness, average grain size, 

and RMS. The AFM results exhibit a high degree of concurrence with the findings of X-ray 

diffraction and FEMSE analysis. 
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Figure 9: 3D-AFM images of (a) pure ZnO NPs, (b) pure CdO NPs, (c) 90% ZnO/10% CdO 

nanocomposite, (d) 80% ZnO/20% CdO nanocomposite, (e) 70% ZnO/30% CdO 

nanocomposite, (f) 60% ZnO/40% CdO nanocomposite, and (g) 50% ZnO/50% CdO 

nanocomposite. 

Table 2: AFM analysis of pure ZnO, CdO NPs, and ZnO/CdO nanocomposite with different 

concentrations of ZnO and CdO. 

sample 
Roughness 

(nm) 

Avg 

Diameter 

(nm) 

RMS 

(nm) 

Pure ZnO NPs 0.788 119.33 1.09 

Pure CdO NPs 1.39 160.49 2 

90%ZnO/10%CdO nanocomposite 0.618 140.73 1.12 

80%ZnO/20%CdO nanocomposite 0.96 128.45 1.42 
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70%ZnO/30%CdO nanocomposite 2.52 119.54 3.14 

60%ZnO/40%CdO nanocomposite 0.853 130.51 1.29 

50%ZnO/50%CdO nanocomposite 0.606 122.09 0.943 
 

3.4. Optical Properties 

Figure 10 displays the UV-VIS spectra, which measure the absorbance of the ZnO, CdO pure, and 

ZnO/CdO nanocomposite from 300 to 900 nm, for different concentrations of ZnO and CdO. All of 

the synthetic materials, including CdO and ZnO, absorb light in the ultraviolet and visible 

spectrums. By increasing the concentration of CdO in the ZnO/CdO nanocomposite, the absorbance 

rises and the red shift deepens [12]. This is because surface optical scattering of incoming light 

becomes more noticeable. In comparison to the 387 nm and 513 nm optical absorption spectra of 

pure ZnO and CdO, respectively, the absorption edge of a CdO/ZnO nanocomposite with varied 

concentrations ranges from 390 to 434 nm. The visible region may be utilised to respond to the ZnO 

by mixing it with CdO nanoparticles, as shown by the absorption edge of the CdO/ZnO 

nanocomposite, which is similar to a pattern observed in the literature [13]. 

 

Figure 10: Absorbance of ZnO, CdO pure and different wight of ZnO-CdO nanocomposite at 

varying concentrations. 

Conclusion 

Pure ZnO, CdO NPs, and ZnO/CdO nanocomposite were successfully synthesized through the sol-

gel method. X-ray diffraction confirmed the purity of ZnO, CdO, and ZnO/CdO composites at 

varying concentrations and showed that as the ZnO/CdO composite's CdO or ZnO ratio increases, 

the average crystal size also increases. FESEM images showed that the majority of the grains are 

polyhedral and small in size for pure ZnO NPs, while the majority are spherical and large in size for 

pure CdO NPs. For ZnO/CdO nanocomposites, the grains are spherical, polyhedral, and smaller in 

size than for pure CdO NPs. UV-VIS spectra showed that when the ratio of CdO in the 

nanocomposite increased, there was a red shift. ZnO/CdO nanocomposite offer great potential in 

future application for many devices and can be used in photocatalysis medical device, and other 

application. This method is characterized by high production, high efficiency, and lower cost. 
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