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Pembangunan Komposit N-Ce-AC-TiO2 Melalui Pendekatan Sol-Gel Dengan 
Bantuan Radiasi Gelombang Mikro Dalam Penjerapan-Fotodegradasi Antibiotik 

ABSTRAK 

Pencemaran antibiotik yang merebak secara meluas di dalam persekitaran telah 
menyebabkan munculnya cabaran global disebabkan oleh kesan negatifnya kepada 
ekologi, kesihatan dan kesejahteraan manusia. Oleh itu, fotodegradasi menjadi kaedah 
yang baik bagi menyingkirkan bahan cemar ini dalam merawat pencemaran air. Dengan 
itu, kajian ini bertujuan untuk mensistesis N-Ce-AC-TiO2 fotomangkin melalui 
pendekatan sol-gel dengan bantuan radiasi gelombang mikro dalam penjerapan-
fotodegradasi amoxicillin (AMX) dan tetracycline (TC). Kaedah Rangsangan Permukaan 
(RSM) digunakan bagi menentukan kondisi optimum dalam proses penyediaan 
fotomangkin. N-Ce-AC-TiO2 menunjukkan fasa anatase yang stabil dengan size kristal 
5.48 nm, kawasan permukaan Brunauer-Emmett-Teller (BET) yang bagus iaitu 278.87 
m2 g-1 dan jurang tenaga yang rendah yang mana signifikasinya dikurangkan daripada 
TiO2 asli 3.20 eV kepada 2.16 eV. Daripada kajian pengoptimuman, N-Ce-AC-TiO2 yang 
disintesis dengan 0.02 g nitrogen, 0.20 g cerium, 0.50 g karbon teraktif dan diaktifkan 
dengan 600 W sinaran kuasa gelombang mikro dalam masa 15 minit dapat mencapai 
tahap degradasi maksimum bagi TC dan AMX pada nilai 93% ± 0.23 dan 96% ± 0.16 
dalam masa 100 minit dibawah sinaran UV, bagi tahap kepekatan pemula 10 mg L-1, pada 
suhu 30 ℃, dengan larutan pH 7 bagi TC, dan pH 6 bagi AMX. Spesis aktif yang paling 
menyumbang kepada proses forodegradasi adalah lohong (h+) dan radikal superoksid 
(∙O2-). Degradasi TC mematuhi isoterma Langmuir, model kinetik pseudo-tertib pertama 
(PFO) (R2: 0.999), dan Langmuir-Hinshelwood (R2: 0.988). Manakala AMX mematuhi 
isoterma Langmuir, model kinetik pseudo-tertib pertama (PFO) (R2: 0.999), dan 
Langmuir-Hinshelwood (R2: 0.976). Perubahan pada entalpi (∆𝐻) (TC: 27.65 kJ mol-1, 
AMX: 15.50 kJ mol-1), entropi (∆𝑆) (TC: 0.09 kJ mol-1, AMX: 0.05 kJ mol-1), dan tenaga 
pengaktifan bebas Gibbs (∆𝐺) (TC: -1.05 kepada -3.88 kJ mol-1, AMX: -1.16 kepada -
2.80 kJ mol-1) mencadangkan proses penjerapan adalah endoterma, bersesuaian dan 
spontan bagi kedua-dua antibiotik. Antara interaksi yang berkemungkinan terlibat 
diantara TC dan AMX dengan N-Ce-AC-TiO2 termasuk 𝑘𝑎𝑡𝑖𝑜𝑛 − 𝜋 , interaksi 
elektrostatik, ikatan hidrogen, 𝑛 − 𝜋, dan 𝜋 − 𝜋. Selain itu, kestabilan N-Ce-AC-TiO2 
disahkan melalui 80% kecekapan penyingkiran selepas kitaran yang ke-empat (AMX) 
dan ke-lima (TC). Secara asasnya, hasil kerja ini menawarkan perspektif baru dalam 
mencipta fotomangkin yang efektif, boleh diulang pakai, dan ditambah baik, 
menggunakan pendekatan sintesis dengan bantuan gelombang mikro untuk 
penyahlumusan antibiotik. 
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Development of N-Ce-AC-TiO2 Composite via Sol-Gel Assisted Microwave 
Irradiation for the Adsorption-Photodegradation of Antibiotics 

ABSTRACT 

The widespread antibiotic pollution in the environment has emerge as a global challenge 
due to its adverse impacts on ecology, human health, and well-being. Hence, 
photodegradation is the promising method to remove this pollutant in polluted water 
treatment. Therefore, this study aims to synthesize N-Ce-AC-TiO2 photocatalyst via the 
sol-gel approach with microwave irradiation assistance in the adsorption-
photodegradation of amoxicillin (AMX) and tetracycline (TC). Response surface 
methodology (RSM) was used to determine the optimum conditions in preparing the 
photocatalyst. N-Ce-AC-TiO2 showed a stable anatase phase with a crystallite size of 
5.48 nm, a good Brunauer-Emmett-Teller (BET) surface area of 278.87 m2 g-1 and a low 
band gap energy, which was reduced significantly from 3.20 eV of pristine TiO2 to 2.16 
eV. From the optimization studies, N-Ce-AC-TiO2 synthesized with 0.02 g nitrogen, 0.20 
g cerium, 0.50 g activated carbon, and activated with irradiation power of 600 W in 15 
mins achieved maximum degradation for TC and AMX at 93% ± 0.23 and 96% ± 0.16 
within 100 min under UV light irradiation for an initial concentration of 10 mg L-1, at 30 
℃, with solution pH 7 for TC and pH 6 for AMX. Active species that contribute to the 
photodegradation process the most are holes (h+) and superoxide radicals (∙O2-). The TC 
degradation was appropriately obeyed by Langmuir isotherms, pseudo-first order (R2: 
0.999), and Langmuir-Hinshelwood (R2: 0.988) kinetic models. The AMX degradation 
obeyed Langmuir isotherms, pseudo-first order (R2: 0.999), and Langmuir-Hinshelwood 
(R2: 0.976) kinetic models. The change in enthalpy (∆𝐻) (TC: 27.65 kJ mol-1, AMX: 
15.50 kJ mol-1), entropy (∆𝑆) (TC: 0.09 kJ mol-1, AMX: 0.05 kJ mol-1), and Gibbs free 
energy (∆𝐺) (TC: -1.05 to -3.88 kJ mol-1, AMX: -1.16 to -2.80 kJ mol-1) suggested that 
the adsorption process was endothermic, favourable, and spontaneous for both 
antibiotics. Possible interactions involved between TC and AMX with N-Ce-AC-TiO2 
include 𝑐𝑎𝑡𝑖𝑜𝑛𝑖𝑐 − 𝜋 , electrostatic interaction, hydrogen bonding, 𝑛 − 𝜋 , and 𝜋 − 𝜋 
interactions. Additionally, N-Ce-AC-TiO2 stability was confirmed through 80% removal 
efficiency after the fourth (AMX) and fifth (TC) cycles. In essence, this work offers new 
perspectives on creating effective, reusable, and improved photocatalysts using a 
convenient microwave-assisted synthesis approach for antibiotic decontamination. 
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CHAPTER 1 : INTRODUCTION 

1.1 Background 

Antibiotics are a type of medicine that is used to fight or treat bacterial infection. 

It is widely used in human medicine, agriculture, and livestock. However, due to 

uncontrolled usage of antibiotics worldwide, it led to pollution that contributed to the 

potential harm in the ecological environment and raised concern when discussing on 

maintaining environmental sustainability (Coronado-Apodaca et al., 2023; Noorani et al., 

2024; Suhan et al., 2023). Antibiotic pollution usually originates from the pharmaceutical 

industry (Ranjan et al., 2022), excretion of incomplete metabolism of antibiotics in 

humans or animals from bodies after consumption (Haffiez et al., 2022), hospital waste 

(Barathe et al., 2024), and pharmaceutical and personal care products (PPCPs) from daily 

use (Gautam et al., 2024). Antibiotic traces can be found in sediment, wastewater, and 

water surfaces (Aguilar-Aguilar et al., 2023; Ahmad et al., 2022; Lu et al., 2023).  

Antibiotics like amoxicillin (AMX) (Al-Musawi et al., 2023; Palacio et al., 2021), 

ciprofloxacin (Rodríguez-González et al., 2022; Thuan et al., 2022), erythromycin (Low 

et al., 2021), and tetracycline (TC) (Leichtweis et al., 2022; Zhang et al., 2024) are the 

most common antibiotics associated with the pollutants found in the environment. It was 

reported that 80-90% of consumed antibiotics were discharged into the environment in 

their original form (Obayomi et al., 2023). Improper management can lead to resistance 

development, which can affect our ecology (Domingo-Torner et al., 2023), wildlife and 

aquatic systems, and bring negative impacts on human health and well-being (Zhao et al., 

2024). The increase in detection of antibiotics is challenging due to the lack specific 

established regulations to monitor their removal and treatment process. Therefore, the 
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development of plausible methods for managing antibiotic traces in polluted water is a 

crucial matter for environmental sustainability.  

There are several established methods used to remove excess antibiotics in water, 

such as membrane treatment (Hassan et al., 2021), advanced oxidation process (Akbari 

et al., 2021), reverse osmosis (Zare et al., 2021), membrane separation (Wang et al., 

2023), biological treatment (Pu et al., 2022), adsorption (Stylianou et al., 2021), 

constructed wetlands (Zhao et al., 2023), and photocatalytic (Marinho et al., 2022). 

However, these methods have shortcomings such as high cost, long treatment duration, 

fouling, low removal rates, and incomplete degradation of antibiotics (Wu et al., 2023; 

Chin et al., 2023). Currently, a combination of adsorption and photodegradation 

techniques is the best alternative method due to its simple operation, low energy 

consumption, and high efficiency in antibiotic removal (Ammar et al., 2024; Lan et al., 

2024). Degradation of antibiotics using adsorption and photodegradation was observed in 

the removal of AMX (Wahyuni et al., 2024), ciprofloxacin (Ammar et al., 2024), 

norfloxacin (Lan et al., 2024), TC (Khanmohammadi et al., 2024), and quinolone 

antibiotics (Almasi Jaf et al., 2024).  

Titanium dioxide (TiO2) is widely used as a photocatalyst for its non-toxicity, 

stability, low cost, and high photocatalytic activity (Abdullah et al., 2023; Gloria et al., 

2023; Negoescu et al., 2023). However, since TiO2 is a non-porous material, it often has 

limitations in adsorption capacity and is prone to agglomeration the during catalytic 

process, hence reducing the photocatalyst degradation efficiency (Suhan et al., 2023). In 

order to overcome these drawbacks, carbon-based materials such as activated carbon 

(AC), biochar, carbon nanotubes, and graphene are among the materials used as TiO2 
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