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The present study focused on the photo catalytic degradation of Ciprofloxacin (CP) using ultrasonically synthesized TiO2 
and Fe-doped TiO2 (1 wt%) nanoparticles under sunlight. The synthesized nanoparticles were extensively characterized 
using XRD, FTIR, FESEM and EDS techniques. XRD analysis revealed that Fe+3 ions were successfully incorporated into 
TiO2, and both TiO2 and Fe-doped TiO2 nanoparticles contained only anatase phase. The average crystallite size of 
synthesized nanoparticles was estimated to be in the range of 4-6 nm. The EDS analysis has confirmed the existence of Fe in 
the sample of Fe-doped TiO2. The CP degradation study was performed and compared using synthesized nanoparticles. The 
optimized value of the degradation was investigated by varying experimental parameters, namely, irradiation time, catalyst 
dosage, initial CP concentration, and pH. Fe-doped TiO2 nanoparticles outperformed compared to pure TiO2 nanoparticles 
for CP degradation. The maximum CP degradation was achieved around 87% at a catalyst dosage of 30 mg, initial CP 
concentration of 10 ppm, pH of 5, and irradiation time of 150 minutes. 
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Introduction 
The pharmaceutical industry has evolved 

significantly throughout the world. Since the last few 
decades, the faster rate of population growth, outburst 
of infectious diseases, and the extensive use of 
antibiotics have widened the growth of the 
pharmaceutical industry. However, the extensive use of 
antibiotics and their discharge into the environment 
from municipal, household, hospitals and 
pharmaceutical industry cause a potential threat to the 
health of humans, animals and aquatic life.1,2 

Ciprofloxacin (CP, C17H18FN3O3) is a commonly 
used antibiotic for treating respiratory and urinary 
infections.3,4 Nevertheless, it has been identified as a 
significant aquatic pollutant due to its occurrence in the 
environment. The persistence of CP in the environment 
may pose a risk to both the ecosystem and human health, 
and its resistance to biodegradation makes it difficult to 
eliminate.5 The discharge of untreated antibiotics into 
water bodies can lead to the accumulation of antibiotic-
resistant bacteria.6 Hence, the degradation of CP 
antibiotic to its harm less form is a most desirable step 
before discharging to environment. 

In recent years, several conventional techniques 
including coagulation, electrocoagulation, adsorption, 

and activated sludge process were used for the 
degradation of antibiotics like CP from wastewater. 
However, these methods have been found to exhibit 
certain drawbacks.7 As a result, an effective treatment 
method is required to address this issue. Advanced 
Oxidation Processes (AOPs) are excellent treatment 
methods for antibiotic degradation. The mechanism of 
AOPs is to produce reactive species, such as the 
hydroxyl radical (OH⦁), that can rapidly and non 
selectively oxidize organic molecules.8 Among AOPs, 
photocatalysis technology has been widely used to 
degrade antibiotics due to its advantages which 
include high separation efficiency, cheap cost, safety, 
and the potential to utilize sunlight as their primary 
energy source. Photocatalysis involves the use of a 
semiconductor material, such as ZnO, TiO2, Fe2O3, 
CdS, SnO2, ZnS, CeO2, and WO3 as photocatalyst.9–11 

Among various photocatalysts, Titanium dioxide 
(TiO2) is a widely utilized photocatalyst because of its 
high stability, low cost, and non-toxicity.12 Despite 
the remarkable properties of TiO2 photocatalyst, some 
limitations need to be addressed. One of the major 
limitations is the wide bandgap (3.2 eV) of TiO2, 
which restricts its absorption of visible light. This 
limits the photocatalytic activity of TiO2 to the UV 
region only. Additionally, another limitation of 
TiO2 photocatalyst is its high electron-hole pair 
recombination rate, which decreases its 
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performance.13 To overcome these limitations, various 
strategies have been explored, including doping with 
transition metal ions such as iron (Fe).14,15 It has been 
reported that Fe-doped TiO2 can increase the 
photocatalytic activity of TiO2 by lowering the 
electron-hole recombination rate and enhancing the 
lifespan of charge carriers.16,17 

The preparation of Fe-TiO2 nanomaterials is 
commonly achieved through various synthesis 
methods including sol-gel method18, co-precipitation 
method19,20, solvo thermal method, molten salt 
method21 and hydrothermal method.22 However, 
these conventional methods suffer from various 
limitations such as low yield, utilization of 
hazardous and costly chemicals, and the requirement 
for specialized equipment. Furthermore, these 
methods are time consuming due to requirement of 
multiple steps and precise control.17 Hence, there is a 
need for the development of a novel, uncomplicated, 
efficient, and cost-effective approach. The 
ultrasound assisted synthesis method emerged as a 
promising strategy for producing nanomaterials 
photocatalysts. During ultrasound assisted synthesis, 
ultrasound waves generate acoustic cavitation, which 
causes the formation of localized high-pressure 
zones (1000 bar) and high temperatures (around 
5000 K), leading to the formation of nanoparticles. 
The energy released during cavitation intensifies 
micro-mixing, thereby enhancing mass transfer, 
including solute transfer rate and nucleation rate. 
The fragmentation of particles into smaller sizes is 
primarily attributed to the formation and collapse of 
cavitation bubbles, which generate microjets that 
break down the particles. Also, this method provides 
several advantages such as uniform particle 
size distribution, high purity and high surface area 
which are essential for efficient photocatalytic 
activity.23–26 

In this context, Fe doped TiO2 (Fe/TiO2) 
nanoparticles were prepared through an ultrasound-
assisted method. The main objective of this research 
paper is to investigate the photocatalytic degradation 
of ciprofloxacin (CP) antibiotic using Fe doped TiO2 
(Fe/TiO2) nanoparticles synthesized. The present 
study aims to fill the existing gap in the literature by 
exploring the photocatalytic activity of Fe/TiO2 
nanoparticles in the degradation of CP antibiotic 
under sunlight. Additionally, this research focused on 
optimizing photocatalytic variables such as irradiation 
time, catalyst dosage, initial pH, and CP concentration 

using a one-parameter-at-a-time approach to enhance 
the efficiency of the degradation process. 

Materials and Methods 

Materials 
Iron nitrate nonhydrate (Fe(NO)3 9H2O,purity 

97%), sodium hydroxide (NaOH,purity 98%), 
isopropanol (C3H8O, purity 99.5%), Titanium (IV) 
isopropoxide (C12H28O4Ti, purity 97%) were obtained 
from M/s Merck India. CP antibiotic was purchased 
from the medical store, Nagpur. Analytical-grade 
chemicals were directly used for synthesis of 
nanoparticles. 

Ultrasound-assisted Synthesis of Fe/TiO2 Nanoparticles 
Initially, 5 mL titanium (IV) isopropoxide and 

measured amount of iron nitrate (0.0135 g) were 
mixed with 50 mL of isopropanol to prepare a 
solution-A. The mixture was then subjected to 
ultrasonication (Dakshin probe sonicator, 180 W, 22 
kHz, 4 sec on, 5 sec off) for 15 minutes at room 
temperature (25–30°C). Afterwards, 50 mL of sodium 
hydroxide solution-B(1.327 M) was added slowly to 
the solution-A, followed by an additional 20 minutes 
of sonication. Following sonication, the reaction mass 
was filtered and dried at 100°C for 2 hours to get 
Fe/TiO2 (1 wt%) nanoparticles powder. A schematic 
representation of the synthesis process for Fe-doped 
TiO2 is depicted in Fig. 1. Pure TiO2 was synthesized 
in similar way without addition of ferric nitrate in 
above process.  

Characterization of Fe/TiO2 Nanoparticles 
The crystal structure of synthesized nanoparticles 

was analyzed utilizing Rigaku Mini-Flex X-ray 
Diffractometer. The FTIR spectra of synthesized 
nanoparticles were obtained using a Shimadzu IR-
Affinity spectrophotometer. A FESEM (Carl Zeiss, 
Germany) equipped with an EDS spectrophotometer 
was used to examine the nanoparticles surface shape 
and elemental composition. A LABINDIA UV-3200 
spectrophotometer was employed to record UV-
Visible spectra of samples. 

Photocatalytic Degradation of CP 
The synthesized nanoparticles were utilized to 

monitor the photocatalytic activity by degrading an 
aqueous solution of CP antibiotic under sunlight. To 
conduct the batch experiment, required amount of 
Fe/TiO2 nanoparticles were introduced to 100 mL of 
CP solution with a composition of desired ppm. The 
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resulting mixture was stirred vigorously in darkness 
for 30 minutes to establish adsorption-desorption 
equilibrium. The 3 mL samples were collected from 
the reaction mixture, centrifuged (4000 RPM), and the 
absorbance of centrifugate was measured (λmax = 276 
nm) utilizing a UV-Visible spectrophotometer to 
determine the concentration of CP. The percentage of 
CP degradation was determined using the following 
equation27 %	degrdation = ቀ1− େେబቁ × 100         … (1) 

where, C0 and C represents initial and final 
concentration of CP respectively. 

The degradation of CP using synthesized 
photocatalyst were investigated with respect to 
various experimental factors, including the type of 
catalyst (doped TiO2 and undoped TiO2), catalyst 
concentration (10, 30, 50 and 100 mg), initial 
concentration of CP (10, 20, 30, 50 and 100 ppm), pH 
values (2, 5, 7, 9 and 12) and irradiation time ranges 
(0–240 minutes).  

Result and Discussion 

XRD and FTIR 
The XRD of the synthesized TiO2 and Fe/TiO2 

nanoparticles are shown in Fig. 2(a). The peaks at 2θ 
= 25.32°, 38.1°, 48.1°, 54.4°, 62.9°,69.8°, and 75.2° 

correspond to the (101), (112), (200), (105), (204), 
(220) and (215) planes of anatase TiO2 respectively
(JCPDS No. 21-1272).28,29 No peaks corresponding
to the rutile phase were detected. These results
confirm that both TiO2 and Fe/TiO2 nanoparticles
exhibited anatase phase only. The key diffraction
peaks observed in both doped and undoped TiO2

particles appear to be the same. It suggests that the
quantity of Fe dopant was extremely low. However,
a small deviation in the peak position from 25.32° to
25.2° was observed in the (101) plane TiO2 and
Fe/TiO2 nanoparticles, indicating the incorporation
of Fe in TiO2 nanoparticles. Further, The average
crystallite size of synthesized nanoparticles was
determined using the Debye- Scherrer formula.28 The
average nano-crystallite size of both nanoparticles
was calculated in the range of 4–6 nm. The Fe-TiO2

nanoparticles exhibited smaller crystallite sizes
compared to pure TiO2 nanoparticles, indicating a
hindering effect of Fe on TiO2 crystallization, as
reported in previous studies.29 The substitution of
Ti4+ ions with Fe3+ ions causes distortion of the TiO6

octahedra, resulting in a strong charge
difference and oxygen deficiency in the structure.
This phenomenon generates large dipole moments
and internal polarization fields in the structure which
increases the photocatalytic performance of Fe/TiO2

sample.29

Fig. 1 — Schematic representation of Fe-doped TiO2 nanoparticles synthesis 
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The FTIR spectrum of the synthesized nanoparticles 
is depicted in Fig. 2(b). The broad low intensity peak at 
3300 cm−1 and 1632 cm−1 is due to surface hydroxyl 
group O-H stretching vibration and surface-adsorbed 
water molecule bending vibration, respectively.30 The 
appearance of hydroxyl group (OH) enhances the 
photocatalytic activity of synthesized nanoparticles in 
sunlight. The absorption band near 1368 cm−1 is 
responsible for the symmetric stretching of (C = O).31 
The stretching vibrations of Ti-O and the Ti-O-Ti bond 
are responsible for the broad peaks observed in the 

range of 500 to 650 cm−1. The lack of any peak within 
the wave number range of 1050 to 1200 cm−1 indicates 
that doping was done in the TiO2 lattice.32 

FESEM and EDS 
FESEM was conducted to study surface 

morphology of nanoparticles. The images obtained 
from the FESEM analysis are shown in 
Fig. 3(a & b). The images (a & b) revealed that the 
Fe/TiO2 powders were composed of primary particles 
that were nano-sized and agglomerated into larger 

Fig. 2 — (a) XRD patternof TiO2 and Fe/TiO2 photocatalyst, (b) FTIR of TiO2 and Fe/TiO2 photocatalyst 

Fig. 3 — (a, c) FESEM and EDS analysis of TiO2, (b, d)FESEM and EDS analysis of Fe/TiO2 photocatalysts 
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powder particles. In contrast, pure TiO2 consisted of 
smaller agglomerated nanoparticles. This suggests 
that the doping of Fe into the TiO2 increased the 
degree of agglomeration, as reported by Moradi 
et al.28 

The EDS spectra obtained from the analysis is 
depicted in Fig. 3(c & d). The results demonstrated 
that the synthesized nanoparticles included titanium, 
iron, carbon and oxygen elements. The presence of 
iron (Fe) confirms the successful doping of TiO2 
nanoparticles with Fe. The weight percentage of Ti, 
Fe, and O was found to be 49.9%, 3.7%, and 38.4%, 
respectively. The detection of carbon in the EDS 
spectra suggests its presence in the nanoparticles, 
possibly originating from carbon-containing 
precursors used during synthesis or residual carbon 
from precursor materials. Furthermore, carbon-based 
surface modifications applied during sample coating 
for EDS analysis could also contribute to the carbon 
signal observed in the EDS spectrum. The detailed 
weight percentages of each synthesized sample are 
depicted in Table 1. 

Photocatalytic Activity of CP Degradation 
Effect of Irradiation Time 

To examine the impact of irradiation time on 
CP degradation, a 100 mL solution of 20 ppm CP 
(pH = 5) was subjected to various irradiation times 
(0 to 240 min) in the presence of 10 mg of the 
synthesized photocatalyst. The resulting degradation 
of CP was measured and plotted in Fig. 4(a). The 
experimental findings showed co-relation between 
irradiation time and degradation percentage. The 
optimal reaction time for achieving the highest 
removal efficiency was found to be 150 minutes, 
which allowed for the effective generation of 
hydroxyl radicals (OH⦁) and their subsequent reaction 
with target chemicals.33 However, the degradation rate 
remained constant or decreased after 150 minutes, 
which can be attributed to the generation of other 
byproducts that are more challenging to remove 
or treat. 

Effect of Adsorption, Photolysis, Photocatalysis Process 
The present study investigates the degradation of 

CP using three different processes, namely adsorption 
(in the absence of light but with a catalyst), photolysis 
(in the presence of light but without a catalyst), and 
photocatalysis (in the presence of both light and a 
catalyst). The batch experiments were conducted 
using an initial CP concentration of 20 ppm, a pH of 
5, a catalyst loading of 10 mg, and maximum 
irradiation of 150 minutes. The results are depicted in 
Fig. 4(b). After 150 minutes of photolysis, no 
degradation of CP occurred, indicating that photolysis 
alone is an inefficient method for CP degradation 
under sunlight.34 However, the adsorption of CP 
molecules onto TiO2 and Fe/TiO2 resulted in the 
removal of 11.12% and 21.27% of CP, respectively. 
However, in the photocatalysis process, TiO2 
(61.34%), and Fe/TiO2 (76.93%) exhibited true 
degradation compared to adsorption due to the 
production of hydroxyl radicals, which act as 
oxidizing agents. The results revealed that the 
photocatalysis of CP with Fe/TiO2 was effective than 
pure TiO2 due to the reduction in the band gap. 
However, the photocatalytic degradation of pure TiO2 
under sunlight illumination is low due to the larger 
band gap (3.2 eV), which results in lower absorption 
of visible light. Therefore, Fe/TiO2 produced the best 
outcomes, making it the preferred choice for further 
experiment. 

Effect of Catalyst Loading  
One of the key criteria affecting the performance of 

the photocatalytic process is the amount of catalyst 
loading. The impact of catalyst dosage of Fe/TiO2 
photocatalyst is depicted in Fig. 4(c). This 
investigation maintained constant values of other 
parameters, including an initial concentration of CP at 
20 ppm, pH at 5, and irradiation time of 150 minutes. 
The amounts of catalyst 10, 20, 30, 40, 50 and 100 mg 
were used which corresponds to the overall 
degradation of 75.54, 79.53, 83.44, 80.47, 73.09 and 
47.21%, respectively. The photocatalytic degradation 
of CP using Fe/TiO2 nanoparticles showed that the 
degradation efficiency increased with increasing 
catalyst loading up to 30 mg, beyond which the 
degradation efficiency remained constant. The 
maximum degradation efficiency of 83.44% was 
obtained at a catalyst dosage of 30 mg. The higher 
degradation efficiency at higher catalyst dosage is due 
to the availability of more active sites for the reaction. 
However, at higher catalyst loadings, the formation of 

Table 1 — EDS analysis of each sample with corresponding 
weight percentages 

Elements TiO2 (wt%) Fe/TiO2 (wt%) 

Zn 61.8 49.9
O 33.8 38.4
Fe — 3.7
C 4.4 8

Total 100 100
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aggregates could limit the diffusion of CP to the 
active sites, resulting in a constant or less degradation 
efficiency.27 

Effect of Initial Concentration of CP 
The experimental results depicted in Fig. 4(d) 

investigate the impact of varying initial 
concentrations of CP (ranging from 5 to 100 PPM) on 
its degradation rate when subjected to a fixed optimal 
photocatalyst dosage of 30 mg and maintained at a 
constant pH 5. The degradation of CP increased with 
an increase in concentration from 5 ppm to 10 ppm. 
However, further increases in concentration beyond 
10 ppm resulted in a decrease in CP degradation. 
Specifically, after a total irradiation time of 150 

minutes, the degradation percentage for the 10 ppm 
CP was determined to be 86.76%, whereas for the 100 
ppm concentration, it dropped to 30.03%. This is due 
to the fact that at lower initial concentrations of CP, 
the degradation kinetics are fast as the availability of 
higher number of reactive sites on the Fe/TiO2 
nanoparticles. However, at higher initial 
concentrations of CP, the reaction rate is slower due 
to the saturation of the reactive sites by intermediates 
of CP on the Fe/TiO2 nanoparticles. Also, the solution 
with high concentration prevents the transmission of 
light on to the surface of the photocatalyst, leading to 
less utilization of light.35 Therefore, the initial 
concentration of CP needs to be carefully considered 
to optimize the degradation efficiency. 

Fig. 4 — Effect of various parameters on CP degradation using Fe/TiO2 photocatalyst(a) irradiation time [conditions: catalyst loading =
10 mg, initial CP concentration = 20 ppm, pH = 5], (b) different processestime [conditions: catalyst loading = 10 mg, initial CP
concentration = 20 ppm, pH = 5, time = 150 min], (c) catalyst loading [conditions: initial CP concentration = 20 ppm, pH = 5, time =150 
min], (d) initial CP concentration [conditions: catalyst loading = 30 mg, pH = 5 , time = 150 min], and (e) pHof CP [conditions: catalyst
loading = 30 mg, initial CP concentration = 10 ppm, time = 150 min] 
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Effect of pH 
The pH of the solution can significantly influence 

the adsorption of CP molecules on the catalyst 
surface. After determining the optimal conditions in 
previous steps, the impact of varying pH levels 
(2,4,5,6, 7, and 9,12) on the degradation of CP is 
illustrated in Fig. 4(e), while holding other parameters 
(catalyst loading 30 mg and initial CP concentration 
10 ppm) constant. The results were consistent with the 
fact that the photodegradation efficiency exhibits a 
gradual increase with the pH value rising from 2 to 5. 
However, a gradual decrease in the photodegradation 
efficiency was observed with a rise in pH value from 
7 to 12. According to the point of zero charge (PZC) 
analysis, the pHpzc of TiO2 nanoparticles is in the 
range of 5.6 to 6.4.36 It was observed that The Fe/TiO2 
nanoparticles surface exhibits a negative charge at pH 
values above pHpzc and a positive charge at pH values 
below pHpzc. As the pH value approaches to the pHpzc 
of Fe/TiO2 nanoparticles, neutral CP molecules tend 
to be readily transferred and concentrated onto the 
surface of the Fe/TiO2 photocatalyst surface. This 
phenomenon ultimately leads to increased degradation 
of CP. Furthermore, under basic conditions (at high 
pH values) both photocatalyst and CP showed 
negative charges, resulting in electrostatic repulsion 
between them, which led to a decreased 
photodegradation of CP.34,37 

Effect of Doping at Optimized Conditions 
In this study, the degradation of CP solution was 

investigated for 150 minutes. This study was 
conducted using optimized loading of TiO2 and 

Fe/TiO2 photocatalysts, with a catalyst loading of 30 
mg, initial CP concentration of 10 ppm, and pH of 5. 
The results indicated that the Fe/TiO2 nanocomposite 
exhibited a higher degradation efficiency of 86.78% 
compared to pure TiO2 at 65.85% under the same 
conditions (as shown in Fig. 5(a). The improved 
photocatalytic performance of the Fe/TiO2 
photocatalyst was due to its effective charge 
separation, leading to a significant reduction in 
electron and hole pairs recombination rate. 
Additionally, the time-dependent degradation of CP 
using Fe/TiO2 photocatalyst under optimized 
conditions is demonstrated (Fig. 5b) in the UV-visible 
absorption spectra. The degradation process was 
monitoredby analyzing the changes in the absorbance 
spectrum of the CP before and after treatment. The 
result exhibit that CP has a characteristic absorption 
peak at a 276 nm (λmax) wavelength in their UV-Vis 
spectrum before degradation (time = 0 min). 
However, after 150 minutes time, the characteristic 
absorption peak at 276 nm disappeared, signifying the 
successful degradation of CP. 

In summary, the results of the degradation 
measurements for CP indicate that Fe/TiO2 
nanoparticles is highly effective photocatalyst. The 
performance of the Fe/TiO2 nanoparticles for 
degrading ciprofloxacin is presented in Table 2. 

Mechanism  
The degradation mechanism of the CP antibiotic 

using Fe/TiO2 photocatalyst is depicted in Fig. 6. 
When Fe/TiO2 is exposed to sunlight, Fe/TiO2 
photocatalyst is stimulated and produces electrons and 

Fig. 5 — (a) Effect of Fe doping on the TiO2 photocatalyst at optimized conditions for CP degradation [conditions: catalyst loading = 30
mg, initial CP concentration = 10 ppm, pH = 5], and (b) time-dependent UV-visible absorption spectra of CP degradation using Fe/TiO2

photocatalyst under optimized conditions 
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holes. The incorporation of Fe into a TiO2 matrix 
results in a decrease in electrons and holes 
recombination. This is attributed to the photo-
reduction process of Fe+3/Fe+2 as described by 
equations (2) and (3), which facilitates the separation 
of charge carriers and leads to improved charge 
transfer efficiency. In this phenomenon, the Fe+3 ion 
undergoes a redox reaction by capturing an electron 
produced by photoexcitation. The resulting Fe+2 ion 
subsequently convert oxygen molecule into reactive 

superoxide radicals (O2
-⦁) Concurrently, 

photogenerated holes are captured by Fe+3 and 
generate reactive hydroxyl radicals (OH⦁). These 
processes have been documented in equations 4–10. 
Ultimately, the degradation of CP occurs due to the 
formation of OH⦁, represented in Eq. (11). The CP 
degradation mechanism on Fe/TiO2 photocatalyst can 
be summarized using following equations30,38ܱܶ݅ଶ + ℎߥ → ܱܶ݅ଶ	ሺℎା + ݁ିሻ     … (2) 

Table 2 — Summary of photocatalytic activity of Fe/TiO2 photocatalyst for CP degradation 

Photocatalyst Catalyst loading (mg) Ciprofloxacin initial concentration (ppm) pH Process Irradiation time 
(min) 

% degradation 

Effect of irradiation time 
Fe/TiO2 10 20 5 Photocatalysis 30 53.37 
Fe/TiO2 10 20 5 Photocatalysis 60 65.60 
Fe/TiO2 10 20 5 Photocatalysis 90 69.01 
Fe/TiO2 10 20 5 Photocatalysis 120 73.68 
Fe/TiO2 10 20 5 Photocatalysis 150 76.93 
Fe/TiO2 10 20 5 Photocatalysis 180 76.89 
Fe/TiO2 10 20 5 Photocatalysis 210 76.87 

Effect of different processes 
No catalyst 10 20 5 Photolysis 150 0

TiO2 10 20 5 Adsorption 150 11.12
Fe/TiO2 10 20 5 Adsorption 150 21.27

TiO2 10 20 5 Photocatalysis 150 61.34
Fe/TiO2 10 20 5 Photocatalysis 150 76.93

Effect of catalyst loading 
Fe/TiO2 10 20 5 Photocatalysis 150 75.54
Fe/TiO2 20 20 5 Photocatalysis 150 79.53
Fe/TiO2 30 20 5 Photocatalysis 150 83.44
Fe/TiO2 40 20 5 Photocatalysis 150 80.47
Fe/TiO2 50 20 5 Photocatalysis 150 73.9
Fe/TiO2 100 20 5 Photocatalysis 150 47.21

Effect of Concentration 
Fe/TiO2 30 5 5 Photocatalysis 150 75.89 
Fe/TiO2 30 10 5 Photocatalysis 150 86.76 
Fe/TiO2 30 20 5 Photocatalysis 150 82.72 
Fe/TiO2 30 30 5 Photocatalysis 150 66.75 
Fe/TiO2 30 50 5 Photocatalysis 150 59.02 
Fe/TiO2 30 100 5 Photocatalysis 150 30.03 

Effect of pH 
Fe/TiO2 30 10 2 Photocatalysis 150 80.50 
Fe/TiO2 30 10 4 Photocatalysis 150 84.37 
Fe/TiO2 30 10 5 Photocatalysis 150 86.72 
Fe/TiO2 30 10 6 Photocatalysis 150 71.69 
Fe/TiO2 30 10 7 Photocatalysis 150 62.70 
Fe/TiO2 30 10 9 Photocatalysis 150 18.81 
Fe/TiO2 30 10 12 Photocatalysis 150 14.36 

Effect of doping 
Fe/TiO2 30 10 5 Photocatalysis 150 86.78

TiO2 30 10 5 Photocatalysis 150 65.85
Bold values show change in parameter during photocatalytic process 
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ܱܶ݅ଶ	(݁ି) + ାଷ݁ܨ → ାଶ݁ܨ ାଶ     … (3)݁ܨ	 + ܱଶ → ାଷ݁ܨ + ܱଶି⦁     … (4) ݁ܨାଶ + ܶ݅ାସ → ାଷ݁ܨ + ܶ݅ାଷ     … (5) ܶ݅ାଷ + ܱଶ → ܶ݅ାସ + ܱଶି⦁     … (6) ܱଶି⦁ + ℎା → ܱି⦁     … (7) ܱି⦁ + ଶܱܪ → (⦁ܪܱ) + ାଷ݁ܨ (8) …     (ିܪܱ) + ℎା → ାସ݁ܨ ାସ    … (9)݁ܨ + (ିܪܱ) → ାଷ݁ܨ + (⦁ܪܱ) (10) …   (⦁ܪܱ) + ܿ݅ݐ݋ܾ݅݅ݐ݊ܽ	ܲܥ →  (11) …ݏݐܿݑ݀݋ݎ݌݊݋݅ݐܽ݀ܽݎ݃݁ܦ

Conclusions 
The present study successfully synthesized 

undoped TiO2 and Fe-doped TiO2 nanoparticles using 
an ultrasound-assisted method and investigated its 
role for CP degradation. The nanoparticles exhibited 
the size range of 4–6 nm in its anatase phase. Further, 
% degradation of CP was optimized by one parameter 
at a time approach by varying the degradation 
parameters, irradiation time, catalyst dosage, initial 
concentration of CP, and pH, respectively. The 
optimized conditions for highest degradation 
(86.78%) were achieved at catalyst dosage of 3:10 
(w/v), initial CP concentration of 10 ppm, irradiation 
time of 150 min and pH of 5. This optimization 
process not only demonstrates the effectiveness of 
Fe/TiO2 nanoparticles as a photocatalyst but also 
provides valuable insights for the design and 
application of similar systems in wastewater 
treatment. Furthermore, our findings suggest a 
promising and environmentally friendly approach for 
the removal of antibiotics from wastewater. 
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