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Abstract 

This study investigates the synthesis and characterization of Cu-Bi2O3 for degradation of antibiotics AMX, CIP, and TC using precipitation-
assisted-microwave method at varying concentrations of Cu at 0%, 2%, 4%, 6%, and 8%. The effect of Cu concentration on the structural, 
morphological, and optical properties were studied by XRD, UV-Vis, and SEM-EDX. The optimal results were obtained by adding 4% Cu to 
the Bi2O3 matrix.  With an energy band gap of 2.32 eV, a crystal size of 37.04 nm, and α-Bi2O3 and CuBi2O4 phases. The removal efficiency of 
each antibiotic using the photocatalytic method varies, with AMX at 52.06%, CIP at 61.72%, and TC at 69.44%. Cu-Bi2O3 degraded TC-type 
antibiotics more rapidly. The high removal efficiency and rapid reaction rate indicate that Cu-Bi2O3 is an effective antibiotic removal agent. This 
further confirms the fact that the addition of Cu to Bi2O3 material can increase its ability to degrade antibiotics more effective.  
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1. Introduction  

Antibiotics are emerging pollutants or novel pollutant 

compounds that have not yet been regulated [1]. Antibiotics of 

various classes have been found in hospital effluent [2], 

residential wastewater [3], slurry [4], water to consume [5], 

groundwater [6], air surface water [7],  sediment [8] and land 

[9]. It's important to remember that the biotechnology approach 

that is commonly used by wastewater treatment plants hasn't 

been shown to break down antibiotics yet. Instead, it just moves 

pollutants from one phase to another and helps microbes 

become resistant to antibiotics that get stuck in physical filters 

[2]. 

The entry of antibiotics into the ecosystem can damage the 

environment. Antibiotic residues will be in the environment for 

a long time because antibiotics are not readily biodegradable 

[10]. Therefore, an effective and efficient method is needed to 

overcome the problem of antibiotic pollution. Several 

techniques for degrading antibiotics have been reported, but the 

effectiveness of removing antibiotics remains relatively low 

[11]. Photodegradation [12–14], Fenton-like processes [15], 

adsorption methods [16], coagulation [17], membrane 

separation [18], and aerobic and anaerobic degradation [19] are 

some ways that antibiotics have been removed. Researchers are 

using the Advance Oxidation Process (AOP) method to create 

an antibiotic degradation technique [20–24]. Because of their 

eco-friendly, green-process methods and low cost, AOPs have 

been extensively used as a technology in the degradation 

process, making them more productive and effective in offering 

antibiotic pollution solutions. Using an oxidation reaction 

process, the AOP involves the generation of sufficient hydroxyl 

radicals (∙OH) and superoxide radicals (O2
-∙) to purify waste. 

The photocatalytic method has promising applications since it 

can to carry out oxidation reactions, produce hydroxyl radicals, 

and is both sustainable and environmentally friendly [25]. 

Bismuth oxide (Bi2O3) is a common photocatalyst that 

exhibits outstanding photocatalytic performance in water 

separation, organic waste treatment, and antibiotic pollution 

treatment. Because Bi2O3 has a bandgap spanning from 2.1 to 

2.8 eV, it is more effective for visible light absorption. The 

crystalline phase structure of Bi2O3 greatly influences its 

characteristics [26]. The photocatalytic activity of Bi2O3 is 

extremely dependent on its crystalline structure and 

morphology. Although it has been established that Bi2O3 has 

good photocatalytic performance and efficiently utilizes visible 
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light, some parameters, such as stability and solubility, should 

be highlighted [27]. 

Recently, several reports have been published on the recent 

progress of Bi2O3 and their application. Unfortunately, few 

literatures have systematically summarized the synthesis 

techniques of Bi2O3 and their application in the antibiotic 

degradation, which is a big challenge [28]. Bi2O3 photocatalyst 

quality is significantly influenced by the Bi2O3 synthesis 

method. Metal doping is one of the most efficient methods for 

enhancing the photocatalytic activity of Bi2O3 materials [29].  

Dopants of metals such as Fe [30], Ni [31], Zn [32], and Ce 

[33] in Bi2O3 may interact to enhance photocatalytic 

performance, according to some research. Due to its 

widespread use in metal-doped semiconductor photocatalysts, 

cuprum (Cu) is a possible dopant metal. In addition, the smaller 

size of Cu atoms compared to Bi makes it simpler to replace 

ions to enhance photocatalytic activity [34]. 

In this paper, Cu-Bi2O3 was synthesized through 

homogeneous precipitation-assisted-microwave. The effect of 

Cu dopant concentration in the Bi2O3 matrix as material for 

antibiotic removal will be investigated and compared to its 

photocatalytic activity. In addition, we demonstrated that Cu-

Bi2O3 is an effective removal agent for amoxicillin (AMX), 

ciprofloxacin (CIP), and tetracycline (TC)-type antibiotics 

under UV-Light irradiation. Various removal methods, such as 

adsorption, photolysis, and photocatalysis, will determine the 

effect of using Cu-Bi2O3 catalyst material in removing of 

antibiotics compare without doping materials. To the best our 

knowledge, this method can show the most efficient and 

inexpensive way to remove antibiotics on a large scale. To 

analyze the band gap energy, structure, and morphology of Cu-

Bi2O3, ultraviolet-visible (UV-Vis) X-ray Diffraction (XRD) 

and scanning electron microscopy (SEM) analyses were 

performed. Several methods of antibiotic degradation, such as 

adsorption, photolysis, and photocatalysis, are utilized to 

determine the kinetic parameters of the antibiotic removal 

processes. 

2. Materials and Method 

2.1. Materials 

Bismuth nitrate pentahydrate Bi (NO3)3.5H2O (Sigma-

Aldrich Ltd, 98%) as Bi precursor. Copper (II) Nitrate Cu 

(NO3)3.3H2O (Sigma-Aldrich Ltd, 98%) as Cu precursor. 

Natrium hydroxide NaOH (Merck, 1 mol/L) was precipitant. 

Nitric acid HNO3 (Merck KgaA, 5%) and demineralized water 

(DW) were utilized as solvents. 

Table 1. Physical and chemical properties of AMX, CIP, and TC 

Antibiotic 

Molecular 

weights 

(g.mol-1) 

Molecular 

formula 

Density 

(g.ml-1) 
Type 

Amoxicillin 

[35] 
419.4 C16H19N3O5S 0.8 β-lactam 

Ciprofloxacin 

[36] 
331.4 C17H18FN3O3 1.5 Quinolone 

Tetracycline 

[37] 
444.4 C22H24N2O8 1.7 Tetracycline 

 

(a) Amoxicillin 

 

(b) Ciprofloxacin 

 
(c) Tetracycline 

Fig. 1. Chemical structure of amoxicillin, ciprofloxacin, and tetracycline 

Three antibiotics such as amoxicillin, ciprofloxacin, and 

tetracycline were obtained from a pharmaceutical company in 

Indonesia as a source of antibiotics. Their chemical structures 

are shown in Fig. 1 and some physical and chemical properties 

are listed in Table 1. 

2.2. Synthesis of Cu-Bi2O3 

Cu-Bi2O3 was synthesized using the precipitation-assisted 

microwave method by following previously described research 

[26]. 1 gram of bismuth nitrate was dissolved in 100 mL of 

nitric acid 5% and stirred using a magnetic stirrer on a hotplate 

for 10 minutes. Then, copper nitrate with a concentration 

variation of 0%, 2%, 4%, 6%, and 8% was stirred for 10 

minutes until evenly mixed. After that, 500 mL of sodium 

hydroxide is added to the solution and stirred for 2 hours to 

produce a suspension. Then separate the precipitate and dry it 

to produce the powder. The powder was then fed into a 

microwave reactor. After the heating process, Cu-Bi2O3 

powder will be produced. 

The process of the synthesis of Cu-Bi2O3 is completely 

visible in Fig. 2. 

 

Fig. 2. The synthesis procedure of Cu-Bi2O3 material. 

2.3. Characterization of Cu-Bi2O3 material 

The optical properties of Cu-Bi2O3 were performed from the 

characterization results using a UV-Vis spectrophotometer 

(UV-Vis 1240 Shimadzu). The optical parameters analyzed in 

this study are energy band gap values, one of the important 

indicators that can be used to explain the photocatalytic ability. 

The energy band gap was determined by transmittance value 

data and analyzed using the Tauc plot method. The morphology 
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and elements of Cu-Bi2O3 were characterized using Scanning 

Electron Microscopy- Energy Dispersive X-ray (SEM JEOL 

JSM 6360).  Crystal structure analysis was obtained using an 

X-ray Diffractometer (PANanalytical, XRD Shimadzu 

6100/7000 type). The average crystal size of Cu-Bi2O3 was 

calculated using the Debye-Scherrer formula : 

𝐷 =
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
  (1) 

where D represents crystallite size, λ is the wavelength of X-

ray, β denotes Full Width and Half Maximum (FWHM) value, 

and θ is the diffraction angle. 

2.4. Antibiotic degradation experiment under UV-light 

Experiments on antibiotic removal were analyzed using 

adsorption, photolysis, and photocatalysis techniques. All 

experiments were performed in box equipped by UV-C lamps. 

The adsorption of antibiotic was carried out using batch method 

in the dark without UV light. The photolysis of antibiotic was 

first evaluated in the absence of Cu-Bi2O3 material under UV 

light irradiation. The photocatalysis process is using Cu-Bi2O3 

material and irradiating with UV-C lamp. 

Experiments were conducted using an antibiotic solution 

with a concentration of 1,000 mg. L-1. In 100 mL of AMX, 

CIP, and TC antibiotic solutions, 10 mg of Cu-Bi2O3 material 

was added to the samples. The mixture was stirred with a 

magnetic stirrer at a speed of 500 rpm and a temperature of 303 

K at room temperature. Samples were collected for removal 

experiments involving adsorption, photolysis, and 

photocatalysis, which lasted 180 minutes. The samples were 

collected every 30 minutes and centrifuged at 10000 rpm for 5 

minutes. UV light is utilized in the process of irradiating light. 

To determine the effect of using a Cu-Bi2O3 catalyst material 

in the removal of antibiotics, multiple methodologies will be 

employed. The processed antibiotic samples were then 

analyzed with a UV-Vis spectrophotometer for residue.  

The UV-Vis spectrophotometer (UV-Vis 1240 Shimadzu) 

was used along with its corresponding absorption spectra 

before and after treatment to assess the concentration of the 

AMX, CIP, and TC solution. The photometry method utilized 

in this study is derived from Riyanti et.al.[38]. The removal 

efficiency for each process (adsorption, photolysis, and 

photocatalysis) was calculated using equation 2: 

𝑅𝐸(%) =
(𝐶𝑜−𝐶𝑡)

𝐶𝑜
𝑥100 (2) 

where RE (%) is removal efficiency, Co (mg. L-1) represents the 

initial concentration, Ct (mg. L-1) represents the concentration 

of antibiotic at contact time (t). 

The Langmuir-Hinshelwood equation is a common way to 

characterize the reaction kinetics of photocatalytic degradation. 

The Langmuir-Hinshelwood equation is expressed as follows: 

1

𝑟
= 1

𝑘𝑟
+ 1

𝑘𝑟𝑘𝑎𝐶
  (3) 

If the reaction takes place at extremely low concentrations (mg. 

L-1), and the reaction proceeds as a first-order reaction so that 

1
𝑟

= 1
𝑘𝑟

; 𝑟 = 𝑘𝑟   (4) 

𝑟 =
𝑑[𝐶]

𝑑𝑡
= −𝑘[𝐶]1  (5) 

 

𝑟 =
𝑑[𝐶]

[𝐶]
= −𝑘 𝑑𝑡  (6) 

with the r is initial rate (mol.L-1.min-1), k is reaction rate 

constant (mol.L-1.min-1), and kr is adsorption coefficient. 

If the concentration at time t = 0 is [Co] and at contact time 

t = t is [Ct], then the rate law of the reaction can be obtained 

through the integral on the limit 0 to t: 

∫
𝑑[𝐶]

[𝐶]
= −𝑘𝑟 ∫ 𝑑𝑡

𝑡

0

[𝐶]

[𝐶𝑜]
 (7) 

𝑟 =
𝑙𝑛 [𝐶]

[𝐶𝑜]
= −𝑘𝑟𝑡              (8) 

The reaction rate is directly proportional to the reaction rate 

setting, which the setting's magnitude can determine. The 

reaction rate is determined by plotting the function ln [C]/[Co] 

against time, where C is the concentration of the antibiotic after 

degradation for a certain amount of time and Co is the initial 

concentration of the antibiotic [39].  

3. Results and Discussion 

3.1. Characteristics of Cu-Bi2O3 

The synthesized Cu-Bi2O3 has an energy band gap level of 

2.32 – 2.86 eV, presented in Fig. 3. This result is consistent 

with previous research regarding the energy band gap region of 

Bi2O3. The band gap energy of Bi2O3 is less than 3.0 eV [40]. 

Based on these data, the lowest energy band gap value of 2.32 

eV was obtained by adding 4% Cu. As the Cu concentration in 

the Bi2O3 matrix increases, the band gap energy decreases until 

it reaches 4%. The energy band gap increased by 2.84 eV when 

the concentration was raised to 6%. By raising the 

concentration of Cu dopant by more than 4%, the absorbance 

will decrease, resulting in a wider optical energy band gap. The 

energy band gap of the 6% Cu sample exhibits an increase, 

which can be attributed to a reduction in surface roughness. 

When the concentration of Cu exceeds 4% to 6%, the structure 

of Bi2O3 begins to disappear. It is possible that Cu plays a role 

in the optical characteristics, and attributed to the increase in 

grain size with the increase in copper concentration  [41]. 

These results demonstrate that the addition of Cu to the 

proper Bi2O3 matrix is proven to be able to reduce the energy 

band gap. The reduction in the energy band gap of Cu-Bi2O3 

can be attributed to the enlargement of the grain size [42]. The 

resulting band gap energy value shows that Bi2O3 has good 

performance under visible light. The smaller energy band gap 

is produced, the less space is required between the valence band 

and the conduction band, facilitating the photocatalytic 

production of electrons and holes. Consequently, 

photocatalytic activity is increased [30]. This analysis 

concluded that Cu-Bi2O3 4% was the most successfully 

synthesized material. These results will be confirmed through 

the consequences of XRD and SEM-EDX characterization. 

The structure of Cu-Bi2O3 was analyzed using XRD, with 

the results illustrated in Fig. 4. In Fig. 4, the diffraction peaks 

were shown at 2θ = 12.750; 24.550; 25.820; 27.460; 30.040; 

33.160; 35.240; 37.720; 42.280; 46.540; 48.650; 51.920; 56.840 
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and 62.80. These peaks corresponded to the miller index (011), 

(111), (002), (120), (012), (121), (210), (112), (032), (221), 

(104), (212), (320) and (321). Cu-Bi2O3 had the structure of 𝛼-

Bi2O3 and Copper Bismuth Oxide (CuBi2O3). The resulting 

diffraction peaks correspond with pdf data card number ICDD- 

00-001-0709 and ICDD-00-026-0502. The average crystal size 

was 37.04 nm, obtained using the Debye-Scherer formula 

(Equation 1). The phase percentage of α-Bi2O3 and CuBi2O4 

were respectively 77.8% and 22.2%. It indicates that the Cu-

Bi2O3 4% has a primary phase of α-Bi2O3 and a secondary phase 

of CuBi2O4. The diffraction pattern of α-Bi2O3 correspond to 

the monoclinic structure with lattice parameters a: 5.83o, b: 

8.14o, c: 7.48o, and α: γ: 90o, and β: 67.07o with space group 

p21/c and volume cell 326.92 m3. It was known that monoclinic 

α-Bi2O3 is a stable phase allotrope at room temperature.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. The energy band gap of Cu-Bi2O3 (a) 0%, (b) 2%, (c) 4%, (d) 6%, and 

(e) 8% 

Alternatively, the newly observed peaks were identified as 

belonging to the tetragonal CuBi2O4 crystal structure, 

characterized by lattice parameters a: b: 8.51o, and c: 5.814o, 

and α: β: γ: 90o. The crystal structure belongs to the p4/ncc 

space group and has a cell volume of 421.05 m3. CuBi2O4 was 

synthesized using the solid-state interaction of Bi2O3 and CuO, 

with a low concentration of additional dopant. This indicates 

the high reactivity of the resulting materials, as documented in 

the literature [43]. The formation of the secondary phase occurs 

when a significant concentration of Cu dopant is added to 

Bi2O3, leading to an interaction between Bi and Cu atoms. This 

reaction results in partial replacement of Bi atoms by Cu atoms. 

Specific Cu dopants can enhance the degree of crystallinity. 
The α-Bi2O3 is a stable phase and has a monoclinic crystal 

structure. The high and sharp diffraction peaks designated Cu-

Bi2O3 had a good crystallinity. It is also believed that 

crystallinity is a crucial parameter that influences the efficacy 

of photocatalysts. α-Bi2O3 has good crystallinity, so it plays a 

role as a recombination center, and it exhibits negligible 

reactivity in several photocatalytic reactions [44].  

 
Fig. 4. The XRD Pattern of Cu-Bi2O3 4% 

Morphological investigations were executed with the help 

of Scanning Electron Microscope (SEM) analysis presented in 

Fig. 5(a).  The results show that the Cu-Bi2O3 samples consist 

of rod structure and spherical shapes like plate.  The rod 

structure indicated the structure of  Bi2O3 which is consistent 

with the previous research [45]. Plate-like structures indicated 

the Cu structure, and can offer a larger surface area, potentially 

leading to enhanced photocatalytic activity. In addition, the 

presence of amorphous materials was found, representing the 

doping material (Copper) and effectively connected the surface 

of Bi2O3.  These results are consistent with the research before 

[46,47]. 

 

Fig. 5. The SEM image of Cu-Bi2O3 4% 

Energy Dispersive X-ray (EDX) analysis was performed to 

identify the elemental constitution of the Cu-Bi2O3 synthesized 

materials. The spectrum analysis validated the purity of the 

prepared samples, as depicted in Fig. 6, providing evidence for 

the successful synthesis of Cu-Bi2O3 by verifying the existence 

of Cu, Bi, and O elements in the material's structure. The 

sample did not exhibit any peaks other than those 
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corresponding to Cu ions, indicating that the produced material 

is pure. Deliberately adding these metallic components is 

recognized to enhance the photocatalytic activity of Bi2O3 

compositions. The presence of copper in Bi2O3 materials 

enhances their photodegradation activity, leading to a 

synergistic effect that improves the effectiveness of antibiotics. 

The distribution of the doped elements within the materials' 

structure is a critical determinant of their photodegradation 

capacity. The doped materials have the ability to release copper 

ions when they come into contact with antibiotics. These 

copper ions operate as a reducing agent and further decrease the 

concentration of the antibiotic solution. 

 

Fig. 6. EDX image and element mapping 

3.2. Effect of Cu dopant for AMX, CIP, and TC degradation 

The great change in the morphology, composition, and band 

structures inevitably impacts the photocatalytic activity of Cu-

Bi2O3. The results of the adsorption, photolysis, and 

photocatalysis tests are presented in Fig. 7. The degradation 

processes of AMX, CIP, and TC are significantly affected by 

the Cu concentrations in Bi2O3. The photocatalysis method 

using 4% Cu-Bi2O3 showed a maximum elimination of 52.06% 

AMX, and a maximum CIP removal of 61.72%. Additionally, 

utilizing Cu-Bi2O3 at 4% in the photocatalysis approach, a 

maximum of 69.46% TC elimination was noted.  

The presence of Cu2+ ions in Cu-Bi2O3 enhances its 

photocatalytic activity compared to pure Bi2O3, as a result of 

the synergistic interaction between Cu2+ ions and Bi2O3. The 

Bi2O3 doped with 4% Cu has the highest degrading efficiency. 

The results suggest that the addition of Cu in Bi2O3 up to a 

maximum concentration of 4% enhances the photocatalytic 

activity. However, beyond this concentration limit leads to a 

decline in the photocatalytic activity. These results align with 

the energy band gap of materials. The photocatalytic activity of 

a material can be correlated with its energy band gap. The 

smallest energy band gap is observed at a doping concentration 

of 4% Cu in Bi2O3, as determined by the photocatalytic activity 

test.  

Additionally, the highest efficiency and optimal rate are also 

achieved at the same 4% Cu doping level. A smaller energy 

band gap indicates a higher photocatalytic capacity [48]. 

Furthermore, the photocatalytic activity is influenced by the 

presence of Cu particles that exhibit a porous spherical 

morphology on the surface of the Bi2O3 semiconductors, as 

depicted in the SEM image. The presence of a porous surface 

can enhance the surface area of the photocatalyst materials, 

while the inclusion of Cu transition metal can inhibit the rate at 

which electron-hole recombination occurs, hence increasing 

the photocatalytic activity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Experimental conditions and their outcomes (a) Adsorption, (b) 

Photolysis, and (c) Photocatalysis 

3.3. Removal of AMX, CIP and TC 

As an agent for antibiotic breakdown, photocatalyst material 

is one of its uses. AMX, TC, and CIP were some antibiotics 
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employed in this investigation. The chosen material, 4% Cu-

Bi2O3, is the best created throughout the synthesis step. Three 

methods degrade antibiotics used in this research: adsorption, 

photolysis, and photocatalysis. Each of the three procedures 

required 180 minutes of irradiation.  

Adsorption is a method for adsorbing pollutants using a 

substance known as an adsorbent [49]. In this method of 

adsorption, Cu-Bi2O3 was used as an antibiotic adsorbent. 

Antibiotic solution was added by Cu-Bi2O3 and placed into box 

allowed to stand for 180 minutes for the achievement of an 

adsorption equilibrium. Each variety of antibiotics has a unique 

removal efficiency value. The removal efficiency of TC-type 

antibiotics was the highest (57.68%), followed by CIP 

(50.48%) and AMX (41.6%). Fig. 8 demonstrates that a greater 

than 50% TC removal efficiency was attained in the first 30 

minutes of contact time. During the first 30 minutes of contact, 

CIP has an elimination efficiency of approximately 40% and 

AMX approximately 30%. After 30 minutes of contact time, 

the removal efficiency value did not substantially increase until 

180 minutes of contact time. 30 minutes is the time for the 

achievement of an adsorption equilibrium so that after 30 

minutes the adsorption process does not occur significantly. 

After 30 minutes of contact, the adsorption rate stabilized 

without significantly increasing. Because the concentration 

decrease is not continuous, these results indicate that the 

adsorption method for antibiotic degradation is ineffective. 

This is because the adsorbed ions can undergo further 

desorption if the adsorbent is not handled further, causing the 

adsorbent to reach saturation and preventing the adsorption 

process from being carried out [50]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Removal efficiency at contact time using adsorption method 

The adsorption of antibiotics on Cu-Bi2O3 is a complex 

process comprising several steps, including the transfer of 

antibiotics from an aqueous solution into Cu-Bi2O3, diffusion 

on both the interior and external surfaces, and ultimately 

immobilization on the Cu-Bi2O3. There are several types of 

interactions that can be linked to the adsorption process, such 

as charge-dipole, hydrophobic, π-π, and electrostatic 

interactions [51]. The presence of functional groups such as -

COOH, -NO2, and -OH in antibiotic molecules allows them to 

establish hydrogen bonds with the surface of the sorbent, which 

is Cu-Bi2O3. Selecting the suitable material features to serve as 

a sorbent is crucial for facilitating the antibiotic breakdown 

process effectively. 

Photolysis is one method for degrading compounds using 

only specific wavelengths of light. The process will chemically 

produce hydroxyl radicals (∙OH) in the solution. These radical 

species are generated by the hole degeneration (h+) process, 

which then reacts with water molecules. Hydroxyl radicals will 

attack organic compounds to initiate the mineralization process  

[52]. In this investigation, ultraviolet light was used to degrade 

antibiotics via photolysis (UV-C lamp). 

As depicted in Fig. 9, the process of antibiotic degradation 

by photolysis is considered less effective due to the small 

decrease in concentration. This can be caused by the few 

oxidizing species formed due to photon induction, so the ability 

of antibiotic compounds to break bonds tends to be diminished. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Decreasing antibiotic concentration on photolysis process 

During the process of photolysis, H2O molecules can be 

broken apart by absorbing UV irradiation and creating ∙OH and 

h+ radicals in a water photolysis reaction. The photolysis 

reaction can be represented by the equation 9-10. 

𝐻2𝑂 + ℎ𝑣 → 𝐻2𝑂∗
 (9) 

 𝐻2𝑂∗
+ ℎ𝑣 →∙ 𝑂𝐻 + ℎ+  (10) 

The production of ∙OH radicals in the water photolysis 

reaction is quite difficult, resulting in the development of only 

a limited number of ∙OH radicals. As a result, the degradation 

efficiency of antibiotics using only UV tends to be relatively 

low. 
The photocatalyst process is a type of degradation that 

employs a catalyst and photons. In this investigation, Cu-Bi2O3 

was used as the catalyst, while UV light was used as the photon 

source. Fig. 10 depicts the results of degradation with a Cu-

Bi2O3 catalyst. Each antibiotic demonstrates an independent 

percentage of degradation efficiency. Tetracycline (TC) had the 

highest removal efficiency value at 69.46%, which indicates 

that 69.46% of the TC compound was effectively degraded. 

The removal efficiency of Ciprofloxacin (CIP)-type antibiotics 

was 61.72%. The antibiotic type with the lowest removal 

efficiency is amoxicillin (AMX) at 52.06%. 

The photocatalytic process occurs continuously during the 

process of irradiation. This is an advantage over other 

processes, such as adsorption and photolysis. Antibiotics will 

become increasingly degraded as irradiation time increases. 

This is evidenced by comparing the concentrations of 
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antibiotics at contact time and their concentrations before 

degradation, which decreased with the length of irradiation 

time.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Antibiotic concentration during photocatalytic process 

The efficacy value of Cu-Bi2O3 material degradation 

differed for each antibiotic. This is due to distinctions in the 

chemical structure of each antibiotic. Each antibiotic possesses 

unique properties and structures, and consequently responds 

differently to degradation. The chemical formula for the 

antibiotic tetracycline is C22H24N2O8. In this study, Cu-Bi2O3 

was optimal for degrading TC-type antibiotics, as indicated by 

the high degradation efficiency values obtained. 

A comparative analysis of the efficiency degradation 

previously documented in the literature for the degradation of 

AMX, CIP, and TC using photocatalysis revealed that the 

results obtained in the current study are consistent with those 

reported by other authors. Zambrano et.al also reported that TC 

was degraded faster than CIP in the photocatalytic process [53]. 

However, in degrading AMX-type antibiotics, Cu-Bi2O3 has 

low efficiency. AMX was found to be the most refractory 

compound among the studied antibiotics. The experimental 

findings indicate that the structure of the targeted antibiotic also 

influences the efficiency of the photocatalyst. AMX has a very 

complex structure, consisting of four basic components: a 

thiazolidine ring, a beta-lactam ring, a side chain, an amino 

group. The beta-lactam ring and amino group is a difficult-to-

degrade compound structure [54]. Therefore, AMX has the 

lowest degradation efficiency value in this investigation. 

The variation in degradation efficiency values is also 

impacted by the interplay between Cu metals and antibiotics. 

The study conducted by Cvijan et al. presents a comprehensive 

overview of the interactions between Cu2+ and different 

antibiotics. TC is a widely used antibiotic in both human and 

veterinary medicine. The TC compound consists of five 

hydroxyl groups, two carbonyl groups, and one urea group. 

These compounds possess many ionized functional groups and 

demonstrate a remarkable capacity to bind copper ions. The 

presence of Cu2+ complex ions counteract the antibacterial 

activity of TC, leading to its effective degradation. According 

to the findings of this investigation, Poole K discovered that 

Cu2+ ion has a strong affinity for the TC molecule, leading to 

its effectiveness in degrading antibiotic activity [55]. 

The photocatalytic process produces superior results 

compared to adsorption and photolysis. Photocatalysis is 

preferable to adsorption because the UV-activated Cu-Bi2O3 

catalyst material produces more radical species. In addition, the 

Cu-Bi2O3 catalyst material does not reach the saturation point 

during the continuous irradiation procedure, as it did during the 

adsorption method. 

The photocatalytic method is superior to photolysis because 

the presence of a Cu-Bi2O3 catalyst increases the number of 

radical species that degrade antibiotics. As a consequence, 

antibiotic degradation occurs more rapidly, resulting in high 

values of effectiveness. The photolysis method, which employs 

only ultraviolet light as a photon source, generates fewer 

radical species because the Cu-Bi2O3 catalyst material does not 

play a role in this process, so electron/hole pairs is not generate.  

When ultraviolet light strikes Cu-Bi2O3, electrons are 

excited from the valence band to the conduction band. The 

excitation caused electron-hole pairs to form in the Cu-Bi2O3 

semiconductor material. Electrons will initiate reduction 

reactions, whereas holes will initiate oxidation reactions. Due 

to the oxidation of (H2O/∙OH) by holes, the reaction in an 

aqueous solutions result in the formation of hydroxyl radicals 

The presence of oxygen (O2) dissolved in water, on the other 

hand, causes the formation of superoxide radicals owing to the 

reduction of O2 by electrons. These radical species oxidize the 

antibiotic compounds deposited on the surface of Cu-Bi2O3 to 

form simpler compounds that decrease their concentration [56]. 

3.4. Degradation rate of antibiotics 

Fig. 11 shows the relationship between response rate and 

antibiotic degradation process duration: 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Antibiotic degradation rate 

The results of the reaction rate constants in the AMX, CIP 

and TC degradation processes were 0.0036 (minutes-1), 0.0054 

(minutes-1) and 0.0065 (minutes-1) respectively. The highest 

reaction rate was obtained in the TC degradation process, while 

the lowest was in the AMX degradation process. The rate of 

degradation reaction describes the speed of the material in 

degrading antibiotics. The higher the value of the reaction rate, 

the faster the material degrades the antibiotic so that the 

antibiotic contained decreases. The magnitude of this reaction 

rate corresponds to the degradation efficiency value of each 

type of antibiotic that has been described previously. 

4. Conclusion 

Cu-Bi2O3 successfully synthesized using precipitation-
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assisted-microwave method at varying concentration of Cu for 

effective removal of AMX, CIP, and TC antibiotics from water. 

The test results indicated that the photocatalytic method was 

more effective than the adsorption and photolysis methods for 

antibiotic removal. Cu-Bi2O3 was more effective at degrading 

TC-type antibiotics than AMX- and CIP-type antibiotics, with 

a removal efficiency value 69.46% greater. The study of 

degradation reaction kinetics revealed that Cu-Bi2O3 has a high 

reaction rate constant of the first order. Cu-Bi2O3 has the 

potential to be utilized in the treatment of pharmaceutical 

wastewater containing antibiotics due to its high antibiotic 

removal efficiency and rapid degradation rate. 
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