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Abstract 

In this work, we present results on micro and nanoparticles of CuZnO-Carbon nanoparticles synthesized 

utilizing arc-Discharge method with the system immersed in distilled water, using a current from 200 A 

with constant voltage (27 V). These structures are characterized using scanning electron microscopy 

(SEM), X-ray diffraction, Raman spectroscopy and Uv-Vis spectroscopy. Our results demonstrate that 

such nanostructures can be prepared at low cost with high quality. 
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1. Introduction 

Interest in nanomaterials has increased in recent years due to their unique physical and chemical 

properties. Particles in size from 1 to 100 𝑛𝑚 are characterized by vastly different properties from those 

of “bulk” materials with the same chemical composition. As the particles are reduced in size, the “bulk” 

properties of the particles disappear to be replaced by those of a "quantum dot", following the rules of 

quantum mechanics. Due to the size reduction, the high specific surface/volume ratio leads to the 

expansion of the catalytic activity of the nanoparticle [1-2]. 

Alloy nanoparticles are another form of bimetallic nanoparticles [3-7], these consist of two or more 

metals with enormous potential to form compositionally ordered phases. Alloy nanoparticles generally 

show different properties than corresponding monometallic nanoparticles. Alloy nanoparticles are of 

interest because composition, crystalline phase, and morphology can be controlled to develop new 

nanophases with unique properties for many applications [8-9]. CuZn-based composites have been 
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synthesized by different techniques [10-11], as well as used for a wide variety of applications [1,12]. On 

the other hand, CuZnO have been proposed basically as a cathode for nitrate reduction and to determine 

the effect of the pH solution to activate sites on the surface of various elements [13], antimicrobial 

purposes for escherichia coli [14], glucose sensor [15], among other. 

In recent decades, much attention has been paid to carbon-coated metal nanoparticles and as composites 

[16-18]. These are synthesized with different techniques and with many applications. 

In this work, we present a study of the synthesis of CuZnO-Carbon nanoparticles using the arc-Discharge 

technique immersed in distilled water. The nanoparticles are characterized by scanning electron 

microscopy (SEM), X-ray, Raman spectroscopy, and Uv-Vis spectroscopy. 

 

2. Experimental procedure 

The arc-Discharge method is a technique with which it is possible to synthesize nanoparticles of alloys; 

it is fast, simple, clean and easily adaptable to the mass production of nanoparticles [19-25]. 

This system uses two electrodes, a 1 𝑚𝑚 diameter commercial cylindrical CuZn bar and the other 6 𝑚𝑚 

of graphite, both with a length of 7.5 𝑐𝑚. First, the electrodes are cleaned with acetone, before being 

used; then these are placed in front of each other at approximately 1 𝑚𝑚. The technique uses a 

rectangular pyrex glass container, where the electrodes are immersed to a depth of 6 𝑐𝑚 in distilled 

water. One of the electrodes is fixed and the other can be moved to conserve the plasma, for this, a 

current of 200 𝐴 is used, with a constant voltage of 27 𝑉. 

The next stage of the experiment is to collect the CuZnO-Carbon multi-composite nanoparticles using a 

pipette, placing them in a vial. Finally, this sample undergoes a sonication process for 60 min, this allows 

to improve the dispersion and selecting the nanoparticles. 

 

3. Results and Discussion 

To investigate the properties of the synthesized nanostructures, different techniques are used. A scanning 

electron microscope (JSM-5400LV, JEOL) has been used to explore morphology, combined with EDS, 

to perform elemental chemical analysis. An X-ray diffractometer (D8 Discover, Brucker) has been used 

to determine the crystallinity of the material. A Raman spectrometer (Lab Ram HR 800, Horiba Jovin 

Yvon) to determine its structural properties and a Uv-Vis spectrometer (Cary 50 Conc, Varian) to 

determine the optical absorbance of the particles and the gap energy. 

 

3.1. Scanning electron microscopy 

Figure 1 shows micrographs of the synthesis of the CuZnO-Carbon composite using the arc-Discharge 

technique immersed in distilled water. The observed sample was taken from the process explained above, 

due to the experience obtained in a previous work [26] where it was determined that the particle size is 

adequate, a result that we consider interesting to analyze. In the micrographs we can clearly observe the 

spherical particles on the surface and immersed in the synthesized compound using the aforementioned 

technique, this shape of the particles is a particular characteristic of the technique used. 
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Figure 1. Micrographs of the CuZnO-Carbon nanoparticles synthesized using arc-Discharge technique 

immersed in distilled water. We can observe the spherical metallic nanoparticles on the surface and 

immersed in the carbon that performs the function of a matrix.  

Figure 2 shows the results of a basic chemical analysis using EDS, where you can check the participation 

of the elements involved during the experiment. Quantitatively, it has been found that the percentages 

are: 𝐶: 9.25%, 𝑂: 25.96%, 𝐶𝑢: 13.01%, 𝑍𝑛: 51.55%. The share of silicon due to the substrate is: 

0.23%. 

 
Figure 2. Basic chemical analysis obtained using EDS showing the elements involved in the synthesis 

carried out with the arc-Discharge technique immersed in distilled water. 

In addition, a result that we consider relevant according to the results presented is that the carbon may 

be acting as a matrix or as a composite with respect to the bi-metallic oxide particles. These results allow 

us to say that they can have different applications. 

 

3.2. X-Ray Diffraction 

Figure 3 shows a typical X-ray diffractogram of CuZnO-Carbon nanoparticles prepared by arc-

Discharge technique immersed in distilled water. These results reveal that there are two phases (CuO, 
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ZnO) and its compound (CuZnO). The peaks located for 2 values at 31.81, 34.68, 36.23, 47.xx, 56.63, 

62.96 and 68.33 are attributed to the CuZnO composite (Cu-0.1, Zn-0.9, O) according to the database 

PDF 04-019-3566, with a lattice parameter a = 3.24595 and a space group P63mc (186), with a compact 

hexagonal structure (HCP). The peaks positioned at 2 = 36.23, 38.94, 43.21 are attributed to Zn 

according to PDF 00-004-0831 with an HCP structure, a lattice parameter a = 2.66500 and a space group 

P63/mmc. In position 2 = 43.21 there is a contribution of CuZn (Cu0.85, Zn0.15) according to PDF 

04-018-5556, with a cubic structure, a lattice parameter a = 3.64900 and a space group Fm-3m (225). 

Finally, there is a contribution at position 2 = 43.21 attributed to Cu/Sn (Cu0.97, Sn0.03) according to 

PDF 04-003-7057 with a cubic structure, a lattice parameter a = 3.63900 and a space group Fm-3m 

(225). As has also been reported in [9,15,27-28]. 
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Figure 3. X-ray diffractogram of the CuZnO-Carbon nanoparticles synthesized using 
arc-Discharge technique immersed in distilled water. 

 

3.3. Raman spectroscopy 

Figure 4 shows Raman spectra of the CuZnO-Carbon nanoparticles synthesized using the arc-Discharge 

system immersed in distilled water. As we can observe, at 281 and 333 cm-1 there is a contribution 

attributed to CuO [29-30], around 500 cm-1 there is a contribution of Cu2O [31]. On the other hand, in 

438 and 608 cm-1 there is a contribution attributed to ZnO [32-34]. 

All carbons show characteristics in their Raman spectra in 800-2000 cm-1: the D and G peaks, which are 

around 1360 and 1560 cm-1, respectively, for visible excitation. Peaks D and G are due to sites sp2. The 

G peak is due to the bond tension vibration of all sp2 atom pairs in rings and chains. Peak D is due to the 

breathing modes of sp2 atoms in rings. So, if there are no rings there is no D peak. In the Ferrari-

Robertson model [35] it is shown that as the G band moves towards a higher wavenumber, the material 

presents a greater structural order. In figure 4, the region described above is shown where peaks that 

represent the peaks described above are presented, this behavior has been reported as due to the vitreous 
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carbon species [31] in the synthetic CuZnO nanoparticles. This result complements the results presented 

with EDS, which shows the existence of carbon. 
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Figure 4. Raman spectrum of CuO-ZnO/Carbon nanoparticles synthesized using arc-Discharge 

technique immersed in distilled water. 

 

3.4. Uv-Vis spectroscopy 
Figure 5 shows the optical absorbance of the CuZnO-C nanoparticles synthesized at a current of 200 A, 

as a function of the wavelength in a range between 200-800 nm. We can notice an increase in the 

percentage of absorption, starting at 264 nm, as the wavelength increases, which indicates that the 

synthesized nanoparticles have good transparency. The spectrum in this work exhibits an absorption 

peak at 264 nm, a result that coincides with that reported in [34], on the other hand there is a lower 

intensity peak at 355 nm attributed to CuO [35]. 
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Figure 5. Optical absorbance spectrum of CuZnO-Carbon nanoparticles synthesized at 200 A by means 

of the arc-Discharge technique immersed in distilled water. 

Figure 5 shows the optical absorbance of the CuZn-Carbon nanoparticles synthesized at a current of 200 

A. With this information we can graph (𝛼ℎ𝜈)2 as a function of ℎ𝜈 of the CuZnO-Carbon particles. Using 

the following expression: 

𝛼 =
𝛼0(ℎ𝜈 − 𝐸𝑔)𝑛

(ℎ𝜈)
 

where 𝐸𝑔 is the separation between the lower edge of the conduction band and the upper edge of the 

valence band, 𝛼 is the absorption of the thin film, 𝛼0 is the absorption coefficient, ℎ𝜈 is the photon 

energy and 𝑛 is a constant. The values of 𝑛 depend on the transition probability; this takes the values as 
1

2
,

3

2
, 2, 𝑎𝑛𝑑 3 for a direct transition allowed, direct prohibited, indirect allowed and indirect prohibited, 

respectively. The usual method for determining 𝐸𝑔 involves graphing (𝛼ℎ𝜈)1/𝑛 𝑣𝑠 ℎ𝜈. Extrapolating the 

linear portion of (𝛼ℎ𝜈)1/𝑛  𝑣𝑠 ℎ𝜈 to 𝛼 = 0, we can estimate the energy gap of the absorption peak. 

For this, a model is chosen:  

𝛼 = 2.303 log (
𝑇

𝑑
) 

where 𝑇 is the optical transmittance and 𝑑 s the thickness of the thin film, in our case we take it as the 

particle size. How do you know: 

𝐸 = ℎ𝜈 =
1240

𝜆(𝑛𝑚)
 𝑒𝑉 

with these data we can now graph: (𝛼ℎ𝜈)2 𝑣𝑠 ℎ𝜈. The results are presented in figure 6. 
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Figura 6. Graph of (𝛼ℎ𝜈)2 vs ℎ𝜈 of CuZnO-Carbon nanoparticles synthesized using arc-Discharge 

technique immersed in distilled water for 200 A. 

From the previous figure, the value of the energy gap can be quantitatively determined, which is equal 

to 4.1. 

 

4. Conclusions 

The arc-Discharge technique immersed in distilled water has been shown to be a potential technique for 

the growth of metallic and bimetallic nanoparticles of different sizes in controlled processes. In this 

work, nanoparticles of the materials involved, in this case CuZnO-Carbon have been synthesized at low 

cost and high quality. As far as we know there are no previous reports of the type of material synthesized 

in this work, this increases its relevance. 
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