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Abstract 

 
Semiconductors are materials capable of conducting electricity within specific 

limits, a property that is essential for applications in photocatalysts and solar 

cells. Copper oxide (CuO), a transition metal oxide, exhibits favorable 

properties as a p-type semiconductor and is characterized by a narrow bandgap 

ranging from 1.2 to 1.8 eV. However, CuO has a limitation in the form of a 

high electron–hole recombination rate, which requires modification through 

doping and additive incorporation. This study aims to analyze the effects of 

zinc oxide (ZnO) doping and the addition of monoethanolamine (MEA) on 

the characteristics of CuO nanoparticles synthesized using the sol–gel method. 

This method was selected because it can produce materials with a large surface 

area and good stability. Characterization was conducted using ultraviolet–

diffuse reflectance spectroscopy (UV–DRS) to determine bandgap energy. The 

findings show that the optimal bandgap value was obtained at 20% ZnO 

concentration, with a bandgap energy of 1.33 eV, while the addition of 2 mL 

MEA produced a bandgap energy of 1.42 eV. The decrease in bandgap value 

indicates that ZnO doping affects the optical properties of CuO. A smaller 

bandgap narrows the distance between the valence band and the conduction 

band, thereby facilitating electron excitation and requiring lower photon 
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energy. This study contributes to the development of modified CuO-based 

semiconductor materials by demonstrating the potential role of ZnO doping 

and MEA addition in improving optical characteristics relevant to 

photocatalytic and solar cell applications. 

Keywords: Copper Oxide; Zinc Oxide Doping; Monoethanolamine; Sol–Gel 

Method; Bandgap Energy 

 

 

INTRODUCTION 

The development of nanotechnology materials, particularly semiconductor 

nanoparticles, is accelerating because they have great potential in various applications such 

as photocatalysis, sensors, and energy. Semiconductors are materials that have the ability to 

conduct electricity within certain limits, and this significantly affects the function of 

photocatalysts as well as solar cells (Wang et al. 2021). Semiconductors have characteristics 

such as smooth surfaces or grains, allowing the formation of layers that facilitate research 

processes and reduce costs, making them very suitable for applications such as solar panels, 

providing flexibility in material structures (Liza et al. 2018). One material that has been 

extensively studied in various research is copper (II) oxide (CuO).  

CuO, being a p-type semiconductor, has a narrow bandgap, enabling it to absorb 

light in the visible spectrum (Singh, 2020). This material has advantages such as good 

chemical stability, low production costs, and being environmentally friendly (Chopade, 

2024). Nevertheless, CuO has a drawback in the form of high electron-hole recombination, 

which can reduce its performance (Sanjaya 2024). To improve this performance, 

modification is carried out through the addition of doping. 

Doping is the addition of other elements into the material structure to improve its 

electrical and optical properties (Kasuma et al. 2017). Doping is a technique of adding 

other atoms into the semiconductor structure to enhance its electrical and optical 

properties (Kasuma et al. 2017). ZnO is one of the potential dopant candidates because it is 

an n-type semiconductor, has a wide bandgap, and is stable and non-toxic (Supu, 2022). 

The combination of CuO and ZnO can form a p–n heterojunction structure that is capable 

of enhancing charge separation and suppressing electron-hole recombination (Parashar, 

2020).  

 Zinc Oxide (ZnO) is an n-type semiconductor with a wide bandgap, stable, and 
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non-toxic, making it potentially useful as a dopant for CuO (Supu, 2022). The combination 

of CuO and ZnO can form a p–n type heterojunction that enhances charge separation, 

reduces electron–hole recombination, and improves material performance (Zhao et al. 

2020). Aside from dopants, the use of additives also affects the synthesis process. MEA is 

often used in the sol-gel method because it can control the hydrolysis and condensation 

processes, as well as help produce particles with more uniform size and morphology. 

Therefore, the combination of ZnO doping and MEA addition is expected to improve the 

quality of CuO nanoparticles (Ningsih et al. 2021). The role of MEA is not only as a 

stabilizer but also can influence particle size, morphology, homogeneity, and the optical 

properties of the resulting nanoparticles (Anjelina, 2024). Thus, the combination of ZnO 

doping and MEA addition is expected to produce CuO nanoparticles with more optimal 

characteristics.  

 The sol-gel, hydrothermal, and co-precipitation methods are some of the 

commonly used techniques in the synthesis of CuO (Arini et al., 2022). These methods 

work by converting a colloidal system (sol) into a continuous gel phase, allowing for 

control over particle size and structure (Supu et al., 2022). Among these methods, sol-gel is 

often preferred because it has advantages in producing high-purity materials, requires 

relatively lower synthesis temperatures, and provides good control over particle size and 

morphology (Saleem et al., 2025). 

According to research (Saleem et al. 2025), it was shown that CuO has a band gap 

of 1.47 eV. The research conducted by (Saleem et al. 2025) involved the synthesis of CuO 

added with ZnO, resulting in a band gap value of 1.47 - 1.62 eV. This increase is caused by 

excess ZnO addition, which can lead to disruption of the crystal structure or domination of 

the ZnO phase in the system, making the heterojunction effect less optimal. Excessive 

ZnO concentration can increase the likelihood of electron-hole pair recombination, 

thereby reducing charge separation efficiency. As doping increases, the conduction band 

becomes filled, so the energy required for electronic transitions increases, which ultimately 

enlarges the band gap and reduces crystal homogeneity (Peng et al., 2020).  

Based on the literature review, previous studies have primarily focused on single 

modification approaches, either through ZnO doping or the use of additives in CuO 

synthesis. However, studies that systematically investigate the combined effect of ZnO 

doping and monoethanolamine (MEA) addition on the optical properties of CuO, 

particularly bandgap energy, are still limited. 
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Therefore, this study aims to explore the simultaneous influence of ZnO 

concentration and MEA volume on the bandgap characteristics of CuO nanoparticles 

synthesized via the sol–gel method. The novelty of this work lies in the combined 

modification strategy and the systematic evaluation of its effect on bandgap energy as a 

fundamental optical parameter. 

Based on the description above, this study aims to analyze the effect of adding Zinc 

Oxide (ZnO) and MEA doping on the band gap of CuO nanoparticles using the sol-gel 

method. The band gap values of ZnO-doped synthesized CuO will be analyzed using UV - 

Diffuse Reflectance Spectroscopy methods. 

 

METHODS 

1. Tools 

The tools used in this study include beakers, measuring pipettes, evaporating 

dishes, watch glasses, magnetic stirrers, stirring rods, ovens, and UV-Diffuse Reflectance 

(UV-DRS) spectrophotometers. 

2. Materials 

In this study, the materials used include copper (II) nitrate Cu(NO3)2.3H2O, zinc 

nitrate Zn(NO3)2.6H2O, methanol (CH3OH) (p.a), distilled water, and Monoethanolamine 

(MEA) (p.a). 

3. Procedure 

a. Synthesis of CuO material 

4.7 grams Cu(NO3)2.3H2O with a concentration of 0.5M is dissolved in 50 mL of 

methanol solvent and covered with plastic wrap. Then, it is homogenized using a magnetic 

stirrer for 1 hour. After that, the solution is sonicated for 30 minutes at 50 W to produce a 

homogeneous solution (sol). To stabilize the sol, the solution is left for 24 hours. After 

that, the sample is dried in an oven for ± 1 hour at 85°C. The resulting gel is calcined in a 

furnace at 500°C for ± 3 hours to obtain CuO nanoparticles so that the sample can be 

characterized. 

b. Synthesis of CuO/ZnO material 

4.7 grams Cu(NO3)2.3H2O with a concentration of 0.5M and Zn(NO3)2.6H2O with 

concentrations of 5%, 10%, 15%, 20%, and 25%. Both were dissolved in 50 mL of 

methanol solvent, covered with plastic wrap, and homogenized using a magnetic stirrer for 

1 hour. Then, the solution was sonicated for 30 minutes at 50 W so that the solution (sol) 
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became homogeneous and was left for 24 hours to stabilize the sol. Next, the sample was 

dried in an oven at 85 °C for approximately 1 hour. The resulting gel was then calcined in a 

furnace at 500 °C for approximately 3 hours to produce CuO nanoparticles so that the 

sample could be characterized. 

c. Synthesis of CuO/ZnO material with MEA additive variations\ 

For MEA variation, the optimal ZnO concentration (20%) was used as the baseline 

condition obtained were dissolved in 50 mL of methanol solvent, then covered with plastic 

wrap and homogenized using a magnetic stirrer for 1 hour, then MEA was added with 

variations of 1 mL, 2 mL, and 3 mL, then covered with plastic wrap and homogenized 

using a magnetic stirrer for 1 hour. Next, the solution was sonicated for 30 minutes at 50 

W to produce a homogeneous solution (sol), and left for 24 hours to stabilize the sol. 

Furthermore, the sample was dried in an oven at 85°C for ± 1 hour. The resulting gel was 

calcined in a furnace at 500°C for ± 3 hours to produce CuO nanoparticles, allowing the 

sample to be characterized. 

 

RESULTS 

The optical properties of the samples were analyzed using UV–DRS Spectroscopy 

with a wavelength range of 185–1100 nm. This test was conducted to determine the effect 

of variations in ZnO doping concentration and the addition of Monoethanolamine (MEA) 

on the bandgap value of the synthesized CuO nanoparticles. The variations in ZnO 

concentration used included 5%, 10%, 15%, 20%, and 25%, while the MEA volume was 

varied at 1 mL, 2 mL, and 3 mL. The bandgap value was determined by applying the 

Kubelka–Munk equation approach (Sanjaya, 2024). The optical bandgap energy was 

determined using the Kubelka–Munk function: 

F(R) = (1 − R)² / (2R) 

where R is the reflectance. 

The Tauc relation was applied: 

(αhν)ⁿ = A(hν − Eg) 

where: 

hν = photon energy 

Eg = bandgap energy 

n = 2 (direct allowed transition assumed) 
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The bandgap was obtained by extrapolating the linear region of the Tauc plot to 

the photon energy axis. 

The following is data of CuO-ZnO processed using OriginPro and displayed in the 

form of a graph in Figure 1. 

 
(a) Tauc plot of pure CuO 
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(b) Effect of ZnO doping concentration on bandgap energy 

 

 
(c) Effect of MEA addition on bandgap energy 

Figure 1. (a) Tauc plot of pure CuO, (b) Effect of ZnO doping concentration on bandgap energi, 

(c) Effect of MEA addition on bandgap energi. 

 

The graphic images above show the absorption curves from UV-DRS used to 

determine the bandgap values of CuO doped with ZnO in various concentration 

variations. Graph (a) shows that CuO without dopant addition has a bandgap value of 1.40 

eV. After ZnO doping, there is a change in the bandgap value depending on the 

concentration of dopant added. In image (b), at ZnO concentrations of 5% and 10%, the 
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bandgap values increase to 1.41 eV and 1.42 eV, respectively. However, at a concentration 

of 15%, the bandgap decreases back to 1.40 eV, and the most significant decrease occurs at 

a ZnO concentration of 20% with a bandgap value of 1.33 eV, while at a concentration of 

25%, it increases again to 1.44 eV. In image (c), the effect of adding MEA on the bandgap 

value of CuO-ZnO is also observed. Measurement results show that adding 1 mL of MEA 

produces a bandgap value of 1.47 eV. Furthermore, increasing the MEA volume to 2 mL 

causes the bandgap value to decrease to 1.42 eV. However, when the MEA volume is 

increased to 3 mL, the bandgap value rises again to 1.45 eV. These results indicate that 

variations in ZnO doping concentration and MEA volume have a significant effect on the 

bandgap values of the resulting CuO nanoparticles. 

Table 1. Bandgap energy Against the Effect of Zinc Oxide Doping Concentration 

Doping Concentration Bandgap Value (Eg) 

CuO tanpa ZnO 1.40 eV 

5% ZnO 1.41 eV 

10% ZnO 1.42 eV 

15% ZnO 1.40 eV 

20% ZnO 1.33 eV 

25% ZnO 1.44 eV 

 
The table above shows the band gap results of CuO doped with ZnO with 

different concentration variations. It can be seen that the addition of ZnO at a 20% 

concentration results in a decrease compared to pure CuO, and the addition of ZnO 

doping can reduce the CuO bandgap (Ben Soltan et al., 2016). 

Table 2. The Effect of Concentration on the Bandgap Energy of CuO-ZnO + MEA 

CuO-ZnO + MEA Concentration Bandgap Value (Eg) 

MEA 1 mL 1.47 eV 

MEA 2 mL 1.42 eV 

MEA 3 mL 1.45 eV 

 
From the table above, the bandgap values of CuO-ZnO + MEA are obtained at 

various concentration variations. It is seen that the addition of MEA at a concentration of 

2 mL causes a decrease in the bandgap value. 
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DISCUSSION 

The results demonstrate that ZnO doping and MEA addition significantly influence 

the bandgap energy of CuO nanoparticles. These variations are closely related to changes in 

crystal structure, defect formation, and the interaction between electronic energy levels. 

The decrease in bandgap energy observed at 20% ZnO concentration (1.33 eV) 

indicates the formation of an optimal p–n heterojunction between CuO (p-type) and ZnO 

(n-type). This heterojunction facilitates more effective charge separation and reduces 

electron–hole recombination. As a result, additional intermediate energy levels may form 

within the band structure, leading to bandgap narrowing. This finding is consistent with 

previous studies reporting that appropriate doping concentrations can enhance electronic 

interaction and modify optical properties (Saleem et al., 2025). 

At lower ZnO concentrations (5% and 10%), the increase in bandgap energy 

suggests that the dopant has not been optimally incorporated into the CuO lattice. In this 

condition, ZnO tends to act as an impurity phase rather than forming a well-defined 

heterojunction, resulting in limited electronic interaction between the two materials. 

Consequently, the energy required for electron excitation increases slightly. 

In contrast, at higher ZnO concentration (25%), the bandgap increases again to 

1.44 eV. This phenomenon may be attributed to excessive doping, which can disrupt the 

crystal structure and reduce material homogeneity. High dopant concentration can also lead 

to phase segregation or dominance of ZnO, which has a wider bandgap, thereby increasing 

the overall bandgap of the composite material. Similar behavior has been reported by Peng 

et al. (2020), where excessive doping reduces the effectiveness of heterojunction formation. 

The decrease in bandgap at optimal doping levels can also be associated with the 

presence of crystal defects such as oxygen vacancies. These defects introduce localized 

energy states within the bandgap, which facilitate electron transition at lower energy levels. 

This mechanism contributes to the narrowing of the bandgap and enhances the optical 

absorption in the visible region. 

Furthermore, the addition of monoethanolamine (MEA) plays an important role in 

controlling particle growth and morphology during the sol–gel process. The reduction in 

bandgap observed at 2 mL MEA (1.42 eV) suggests that this concentration provides 

optimal conditions for particle uniformity and structural stability. MEA acts as a stabilizing 

and complexing agent, which helps regulate hydrolysis and condensation reactions, leading 

to more homogeneous nanoparticles. 
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However, at higher MEA volume (3 mL), the bandgap increases again. This may be 

caused by excessive organic content that interferes with crystal formation, resulting in 

reduced crystallinity and less efficient electronic interaction. Therefore, the amount of 

MEA must be carefully controlled to achieve optimal material properties. 

Overall, the results indicate that both ZnO doping and MEA addition must be 

optimized to achieve desirable optical properties. The combination of 20% ZnO and 2 mL 

MEA provides the most effective modification, resulting in the lowest bandgap energy. 

This condition is favorable for applications such as photocatalysis, as lower bandgap 

materials require less energy for electron excitation and can utilize visible light more 

efficiently. 

 

CONCLUSION 

This study demonstrates that ZnO doping and MEA addition influence the optical 

bandgap of CuO nanoparticles synthesized via the sol–gel method. The lowest bandgap 

(1.33 eV) was obtained at 20% ZnO, while the addition of 2 mL MEA resulted in a 

bandgap of 1.42 eV. These results indicate that both parameters affect 

bandgap modulation. This study provides insight into the tuning of optical properties of 

CuO through combined modification strategies. 
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