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 In this study, a CuZnO2/MSU photocatalyst was developed using a simple 

method and common resources. Characterization through XRD, BET, EDX, 

TEM, and SEM techniques revealed its worm-hole structure and uniform 

CuZnO2 distribution. The catalyst exhibited a reduced band gap of 2.4 eV and 

a substantial surface area of 307 m²/g, facilitating 94% degradation of 

Ciprofloxacin (CIP) within 4 hours of light exposure. Further investigation into 

the photodegradation process showed that a minimal catalyst quantity (10mg) 

and H2O2 oxidant led to 95% CIP transformation from a 30 

ppm concentration, surpassing typical wastewater levels. Optimal efficiency 

was achieved with a 50/50 Cu2+/Zn2+ ratio, indicating a synergistic effect. 

These results underscore the CuZnO2/MSU catalyst’s potential for antibiotic 

remediation in water.  
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1. Introduction 
 

The contamination of water bodies with antibiotics, 

particularly ciprofloxacin, is a pressing environmental 

issue that has garnered significant attention in recent 

years. Ciprofloxacin (CIP), often used in the medical 

industry for treating bacterial infections, poses a 

serious threat to aquatic life and human health due to 

its toxicity and non-biodegradable nature. Therefore, 

the need for effective ciprofloxacin removal methods is 

paramount [1,2]. 

Antibiotic removal methods include physical, chemical, 

and biological processes. Physical methods like 

adsorption and filtration are efficient but can generate 

secondary pollutants. Chemical methods are effective 

but may use hazardous chemicals. Biological methods 

are eco-friendly but can be slow and less effective for 

certain antibiotics [3–5]. The photocatalytic process, 

which uses light to activate a catalyst to degrade 

antibiotics, has shown promise due to its non-

selectivity, potential for complete mineralization of 

antibiotics, and sustainability [6,7]. 

However, the efficiency of the photocatalytic process 

heavily depends on the performance of the 

photocatalyst. The photocatalyst must have a high 

surface area for dye adsorption, excellent light 

absorption capability, and good charge separation 

efficiency to prevent the recombination of generated 

electron-hole pairs [8,9].  

In this regard, the use of a catalytic support for the 

photocatalyst can enhance its stability and reusability, 

while also improving its photocatalytic performance. 

MSU, a mesoporous silica, is an ideal photocatalyst 

support due to its high surface area, tunable pore size, 

and thermal stability. Its high surface area allows for 

increased photocatalyst loading, improving dye 

degradation efficiency. Its tunable pore size facilitates 

molecule diffusion, enhancing photocatalytic 
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performance. Its thermal stability prevents 

photocatalyst sintering at high temperatures, 

maintaining activity over time. Additionally, MSU 

improves photocatalyst separation and recovery, 

making the process more sustainable and cost-

effective [10,11]. 

Among various materials studied as potential catalytic 

active phases, CuZnO2 has emerged as a promising 

candidate. Its simple and cost-effective synthesis 

process makes it suitable for large-scale production. 

CuZnO2 exhibits excellent photocatalytic performance, 

as evidenced by its effectiveness in degrading various 

antibiotics. Its tunable band gap allows for optimized 

light absorption, a crucial factor in photocatalysis. Like 

ZnO, CuZnO2 is chemically stable, ensuring the 

durability of CuZnO2-based photocatalysts. 

Additionally, CuZnO2’s ability to generate free 

electrons and holes when exposed to light enhances its 

photocatalytic reactions [12,13].  

In light of these considerations, this paper aims to 

delve deeper into the research on CIP removal, with a 

particular focus on the photocatalytic process and the 

use of CuZnO2 as an active phase. This research could 

contribute to the development of more efficient, 

sustainable, and eco-friendly solutions for antibiotics 

removal. 

 

2. Experimental 

Chemicals 

The research made use of various chemicals including 

MSU (home-grown), distilled water, zinc diacetate 99% 

(Xilong, China), copper (II) nitrate trihydrate 

Cu(NO3)2.3H2O 99% (Xilong, China), Ciprofloxacin (CIP) 

with a purity of 99.99% (Merck, Germany), 

hydroperoxide 30% (Duc Giang Chemical Group, 

Vietnam), and Sodium hydroxide with a purity greater 

than 99% (Guangdong Guanghua, China). Every 

substance employed in the process was of the highest 

analytical quality and was utilized in its original form, 

with no further refinement necessary. The equipment 

used in the study comprised an analytical balance, a 

stirrer, 20W LED lamps, a drying oven, a muffle 

furnace, a one-neck flask, a reflux condenser, a glass 

rod, a graduated cylinder, and a pipette. 

Synthesis of CuZnO2/MSU 

In the process of synthesizing a photocatalyst, zinc salt 

and NaOH were first dissolved in deionized water to 

form a precipitate solution. Copper salt and MSU 

support were then added to this mixture and stirred for 

4-6 hours before being left to stand for 6-12 hours. 

The mixture was rinsed multiple times with deionized 

water to remove soluble CH3COONa salt. It was then 

dried at 80°C for 6 hours to convert the copper salt to 

anhydrous Cu(NO3)2. Finally, the mixture was calcined 

at 400°C for 4 hours, causing the thermal 

decomposition of zinc hydroxide to form ZnO and 

copper salt to form CuO. These oxides adhered to the 

support, completing the synthesis process. The ratio of 

Cu2+/Zn2+ was set at 50/50 and 30/70, the percentage 

of active phase is 70%, the weight of support is 0.5 g.  

Material characterizations 

X-ray diffraction (XRD) patterns were captured using a 

D8 Bruker device with Cu Kα radiation of wavelength 

1.5403, scanning a range of 2θ = 5–80°. Energy-

dispersive X-ray spectroscopy (EDX) data was collected 

using ESEM-XL30. The material’s surface morphology 

was studied using Scanning electron microscopy (SEM), 

with images taken using a JSM-6701F (JEOL) 

instrument. A small amount of the suspension was 

placed on a silicon wafer for SEM sampling. 

Transmission electron microscopy (TEM) images were 

taken with a JEM2100 device (JEOL, Tokyo, Japan). The 

material’s band gap energy and the amount of 

pollutants removed post-photocatalytic degradation 

were determined by recording UV-VIS spectra within a 

wavelength range of 200 to 800 nm, using a Jasco V-

750. The Brunauer–Emmett–Teller (BET) nitrogen 

adsorption–desorption isotherm was performed at 

77.34 °C using a CHEMBET-3030, allowing for the 

calculation of the material’s specific surface area and 

pore size distribution. The point of zero charge was 

ascertained through the application of the drift 

technique, as documented in reference [14]. 

Photocatalytic activity evaluation 

A 30 ppm CIP solution is prepared in a 50 ml volume 

and mixed with a known weight of catalyst. After an 

initial 30-minute adsorption, 0.25 ml of H2O2 is added 

and UV light activated. Hourly samples are collected 

for up to 4 hours. The conversion of CIP is computed 

using the formula: 

Conversion (%) = (Co−Ct)/Co × 100% 

where Co represents the initial concentration of CIP at t 

= 0 (hour), and Ct is the concentration of CIP in the 

solution post-reaction at time t. Concentrations are 

determined using UV-vis spectroscopy, specifically the 

273 nm wavelength peak. 

3. Results and discussion  

XRD and BET results 
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The X-ray diffraction results of the CuZnO2/MSU 

material are presented in Figure 1A, with a diffraction 

angle 2θ ranging from 2-80°. The X-ray spectrum of 

the CuZnO2/MSU material shows peaks at 2θ angles of 

31.9°, 34.5°, 36.3°, 47.7°, 56.7°, characteristic of the 

crystal reflection planes of ZnO [15], and peaks at 2θ 

angles of 32.6°, 35.6°, 38.8°, 48.8°, 53.6°, 58.3°, 

characteristic of the reflection planes of CuO [16]. Thus, 

the XRD measurement results have confirmed the 

presence of CuO and ZnO coated on the surface of 

the support. 

It can be observed that when Cu2+ is doped, the 

diffraction peaks shift towards smaller 2θ angles 

compared to the diffraction peaks of ZnO. This shift is 

evident in the sample with a large amount of doped 

Cu2+ (Cu2+/Zn2+ ratio is 50/50). This result is consistent 

with some previous results . The authors suggest that 

Zn2+ ions have been replaced by Cu2+ ions during the 

sample synthesis process. With a Cu2+/Zn2+ ratio of 

30/70, the peaks at 2θ angles of 35.6°, 38.8°, 

characteristic of the reflection planes of CuO, are not 

high, but with a ratio of 50/50, we see that the peak of 

CuO is high and clear. This indicates that Cu2+ ions 

have replaced the positions of Zn2+ ions. Thus, the XRD 

measurement results have confirmed the presence of 

CuO and ZnO coated on the surface of the support. 

 

 

 

 

 

 

 

Figure 1: XRD spectrum (A) and N2 isothermal 

adsorption-desorption curve (B) of CuZnO2/MSU 

To determine the specific surface area, pore volume, 

and pore diameter of CuZnO2/MSU-S, the isothermal 

nitrogen adsorption method at 77.3K was conducted. 

The results are shown in Figure 1B. 

The CuZnO2/MSU-S photocatalyst, with a surface area 

of 307 m2/g and a pore diameter of 2.7 nm, exhibits a 

type IV isothermal adsorption-desorption curve. It’s 

effective for treating organic pollutants via adsorption-

catalysis. 

TEM and SEM results 

The surface morphology of the material is 

characterized by the Transmission Electron Microscopy 

(TEM) and Scanning Electron Microscopy (SEM) 

methods. The results are presented in Figure 2. 

  

  

Figure 2: TEM (A, B) and SEM (C, D) images of 

CuZnO2/MSU 

The TEM images reveal small, uniform CuZnO2/MSU 

photocatalyst particles, enhancing active sites for 

reactions. Particle aggregation may improve 

photocatalytic activity, and the rough surface texture 

could increase light absorption and reaction sites. 

Furthermore, contrast variations within the particles 

suggest a possible composite material or core-shell 

structure, with different components playing various 

roles in the photocatalytic process, such as light 

absorption, charge separation, or providing reaction 

sites. 

SEM, as shown in Figure 2C and 2D, were taken at 

levels of 2 µm and 10 µm. The Scanning Electron 

Microscopy (SEM) results show the distribution of 

particles adhering to the surface of the support and 

are fairly evenly distributed. The addition of CuZnO2 to 

the MSU support shows a significant effect in 

improving the surface of the catalyst. 

A 

C 
D 

B 

B 

A 

C 

A 
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Energy bandgap and elemental composition of the 

material 

The bandgap energy of the catalyst material is determined 

using the UV-Vis diffuse reflectance spectroscopy method, 

and the results are shown in the figure 3. 

 

 

 

 

 

Figure 3: Bandgap energy (A) and EDX result (B) of 

CuZnO2/MSU 

From the results in Figure 3A, we can see that the 

bandgap energy (Eg) of the CuZnO2/MSU material is 

2.43 eV. This value indicates that the doping of Cu2+ 

reduces the bandgap energy of ZnO (3.37 eV). The 

EDX results (Figure 3B) of this material reveals the 

presence of silica oxide, copper oxide, zinc oxide, and 

aluminum oxide as the main components in the 

CuZnO2/MSU-S material. The measurement results 

confirm that the main components are SiO2, CuO, and 

ZnO. It is observed that the percentage composition of 

the catalyst components, Cu and Zn, are respectively 22 

and 19%, which is fairly similar to the calculated Cu2+/Zn2+ 

ratio of 50/50 during the synthesis of the sample. 

Photocatalytic activity evaluation 

The effect of solution’s pH and contaminant concentration 

To examine the effects of pH conditions and the initial 

concentration of ciprofloxacin (CIP) on its degradation, 

a series of experiments were performed wherein the 

pH value and CIP concentration were systematically 

varied. All other experimental conditions were held 

constant to ensure the validity of the results. 

As can be seen, the CuZnO2/MSU-S photocatalyst’s 

degradation efficiency of CIP (20ppm) varies with pH: 

74% at pH=4 and 94% at pH=7, but decreases to 91% 

at pH=10. This is due to electrostatic forces affecting 

the degradation rate. The catalyst has a point of zero 

charge (pHpzc) of 9.2 (which was identified by Drift 

method [17]). Ciprofloxacin (CIP) exhibits amphoteric 

properties due to its molecular structure, which 

includes a carboxylic acid group with a pKa1 

of 5.76 and an amino group with a pKa2 of 8.68. Its 

ionic state changes with the pH: below 5.76, it’s 

predominantly cationic (CIP+); above 8.68, it’s anionic 

(CIP−); and between these values, it exists mainly as a 

zwitterion (CIP±). At pH=7.4, CIP is neutral, 

corresponding to its isoelectric point. Optimal 

performance is around pH=7 – 9, suitable for treating 

hard-to-degrade organic compounds like CIP. At this 

range,  pH value of 4 is less ideal due to environmental 

concerns. The optimal pH range for CIP degradation is 

in accordance with previous work [18]. 

  

Figure 4: Effect of solution’s pH (A) and CIP initial 

concentration (B) on CIP photodegradation efficiency 

From the Figure 4B, it is observed that the 

transformation rate of CIP after 4 hours under UV 

stands at 94% (at 30 mg/L), nearly matching the 

transformation rate of 95% for CIP after 4 hours (at 20 

mg/L). Consequently, it can be concluded that the 

transformation is nearly complete after 4 hours. Hence, 

it is evident that the catalyst possesses a high 

degradation efficiency for CIP, even at concentrations 

significantly exceeding those typically encountered in 

actual conditions [19], [20]. 

Effect of H2O2 dosage and ratio of Cu2+/Zn2+ active phase 

To explore the influence of Cu2+/Zn2+ ratio on the 

degradation efficiency of ciprofloxacin (CIP), variations 

were made to the H2O2 content and the active phase 

ratio in the experiments. The outcomes obtained are 

depicted in Figure 5. 

It was observed in Figure 5 that after four hours of 

illumination, the transformation rates of the samples 

with Cu2+/Zn2+ ratios of 30/70 and 50/50 were 70% 

and 93%, respectively. This indicates that the sample 

synthesized with a Cu2+/Zn2+ ratio of 50/50 exhibited 

superior performance compared to the 30/70 ratio. 

The limitation of ZnO is the rapid recombination of 

electrons and photogenerated holes, which diminishes 

the photocatalytic effect. Therefore, doping Cu2+ ions 

A 

B 

B 
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into Zn/MSU-S is necessary, with Cu2+ serving as 

electron traps to inhibit the recombination process, 

thereby extending the lifetime of the photogenerated 

holes to generate •OH radicals. Consequently, 

increasing the Cu2+/Zn2+ ratio from 30/70 to 50/50 

enhances the degradation efficiency of CIP by 

preventing the electron-hole recombination.  

  

Figure 5: Effect of Cu2+/Zn2+ ratio on CIP 

photodegradation efficiency 

The photocatalytic efficacy largely depends on the 

separation of electron-hole pairs. Doping an n-type 

semiconductor onto a p-type semiconductor creates a 

p-n junction interface. Upon light excitation, the p-n 

material forms electron-hole pairs. Due to electrostatic 

interactions, the holes move towards the negative pole, 

while the electrons move towards the positive pole, 

promoting the separation of electron-hole pairs and 

enhancing photocatalytic efficiency. 

Theoretically, the catalytic ability of semiconductors 

arises from the generation of electron-hole pairs upon 

light excitation; the e-/h+ pairs oxidize/reduce water to 

produce free radicals, which have the capability to 

photodegrade organic substances in aqueous solutions 

[21]. The photocatalytic activity of ZnO – CuO in the 

visible region is due to the presence of CuO. The 

bandgap of CuO is approximately 1.2 eV, while that of 

ZnO is about 3.37 eV. The intermixing of the 

conduction and valence bands of CuO and ZnO 

facilitates the electronic and hole transitions between 

the two semiconductors thermodynamically, narrowing 

the bandgap energy of the ZnO – CuO 

nanocomposite. Moreover, the separation of electron-

hole pairs in the ZnO – CuO semiconductor prevents 

the recombination of e-/h+ pairs; when excited by 

visible light photons, the valence electrons of ZnO can 

generate electrons and holes, with the excited 

electrons moving to the conduction band (CB) of ZnO 

and the holes moving to the valence band (VB) of 

CuO. [17] The holes retained in the VB of CuO interact 

with H2O to produce HO• free radicals. The electrons 

retained in the CB of ZnO interact with O2, H2O to 

produce •O2
- free radicals [21,22]. The photocatalytic 

oxidation reactions that degrade the antibiotic CIP 

occur via a similar mechanism [22,23] as follows: 

p – CuO/n – ZnO + hν → h+ (CuO) + e- (ZnO)   (1) 

Upon the interaction of p-type CuO and n-type ZnO 

with photons (hν), the following photocatalytic reaction 

occurs: 

h+
VB + H2O → HO• + H+                    (2) 

eCB
- + O2 → •O2

-                                               
  (3) 

2•O2
- + 2H2O → H2O2 + 2HO- + O2     (4) 

H2O2 + eCB- → HO• + HO-                          (5) 

hVB
+ + HO- → HO•                             (6) 

These free radicals decompose organic compounds 

(for example, the antibiotic CIP): 

HO• + CIP → CO2 + H2O                   (7) 

Therefore, increasing the Cu2+/Zn2+ ratio from 30/70 to 

50/50 enhances the degradation efficiency of CIP by 

improving the inhibition of electron-hole 

recombination. 

Effect of light intensity 

Researching the impact of light intensity on 

photocatalytic degradation is crucial as it directly 

affects the efficiency of contaminant breakdown. 

The intensity and exposure duration to light are key 

factors that determine the effectiveness of the 

photocatalytic process by influencing electron 

excitation and the overall reaction kinetics. The results 

of light intensity effect on CIP degradation are 

introduced in Figure 6. 

 

Figure 6. Effect of light intensity on CIP degradation 

Based on the graph, it is observed that the conversion 

rate of CIP after 4 hours of UV exposure is 93% with 

four UV lamps, which is significantly higher compared 

to 71% and 69% with two and one lamp(s), 

respectively. At 4 hours of UV exposure, the conversion 

rate of CIP is 95% with four lamps, exceeding the rates 

with one and two lamps, which are 69% and 71%, 

respectively. This can be explained by the fact that 

increasing the intensity of illumination enhances the 

number of photons supplied to the reaction system, or 

equivalently, the energy provided for exciting electrons 

from the valence to the conduction band also 

increases [10]. This facilitates the photogenerated 

electron-hole pair separation process, leading to the 
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formation of a greater number of free radicals, thereby 

enhancing the photocatalytic activity of the material. As 

the light intensity increases, the number of photons 

entering the solution also rises, meaning that higher 

lamp intensity allows more photons to penetrate 

deeper into the solution layer and interact with more 

catalytic sites, which intensifies the process of 

generating free radicals such as •OH, thus increasing 

the photocatalytic activity of the material for the 

degradation of CIP [24,25]. 

When the photon quantity exceeds the oxidizing agent 

H2O2, it accelerates the formation of free radicals such 

as •OH and •OOH [26]. These radicals act as agents 

that decompose CIP through the mechanism: 

H2O2 + •OH  → •HO2 + H2O        (8) 

•HO2 + •OH  → O2 + H2O            (9) 

•OH + CIP → products                (10) 

 

4. Conclusion 
 

This investigation delved into the distinctive attributes 

of CuZnO2/MSU catalysts. Analytical techniques such 

as XRD, BET, EDX, TEM, and SEM revealed that the 

catalyst boasts a substantial specific surface area of 307 

m²/g and a mesopore dimension around 3 nm. The 

material’s low bandgap energy of roughly 2.4 

eV contributes to its superior performance in 

photocatalytic processes. Remarkably, the catalyst 

achieved complete conversion of the antibiotic CIP at 

20 ppm within 4 hours of exposure. The material point 

of zero charge was experimentally found to be 9.2. The 

study’s pH trials at 4, 7, and 10 suggest that optimal 

photodegradation occurs between pH 6 to 9, at room 

temperature and standard atmospheric conditions. 

Furthermore, the dopant phase’s influence, with 

Cu2+/Zn2+ ratios of 30/70 and 50/50, was assessed, 

revealing that a 50/50 ratio leads to the peak 

degradation efficiency of 94% for CIP. These results 

could attribute to the advancement of photocatalytic 

technology for environmental cleanup and offers a 

promising solution for the sustainable management of 

water resources. 
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