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A B S T R A C T

Pharmaceutical residues in aquatic environments have the potential to induce bacterial resistance, subsequently
complicating disease treatment and posing a substantial hazard to public health. This study demonstrates the
production of carbon dots from Cassia fistula flowers using a hydrothermal process. The obtained carbon dots
were then mixed with zinc oxide to create CDs@ZnO-H400. This heterojunction photocatalyst exhibited notable
enhancement in photocatalytic performance due to improved charge separation efficiency at the interface. The
CDs@ZnO-H400 catalyst effectively removed two medications, ciprofloxacin and paracetamol. Ciprofloxacin
showed maximum photocatalytic efficiency, with 99.8 % degradation, while paracetamol exhibited a degrada-
tion efficiency of 75.1 %. The stability of the synthesized photocatalyst was evaluated across four usage cycles
using EDX-SEM, FTIR, and XRD techniques. The CDs@ZnO-H400 heterostructure photocatalyst maintained
strong photoactivity even after the fourth cycle of usage.

1. Introduction

In recent years, there has been a growing apprehension regarding the
existence of emerging toxins in the environment (Wang et al., 2022).
This is mostly due to the limited understanding of the potential impli-
cations and long-term stability of these compounds in the environment
(Dou et al., 2022; Zou et al., 2021). One of the most concerning devel-
oping pollutants pertains to pharmaceutical substances, which, as a
result of their extensive human usage, are introduced into ecological
systems. Drugs and their metabolites have been detected in several
environmental sources such as wastewater, surface and deep water, soil,
and air. The presence can be attributed mostly to the ingestion and
elimination of drugs (or their metabolites), as well as the improper
disposal of unused medications. The introduction of medicines into the
aquatic environment can occur from various sources, including urban,
hospital, industrial effluent, as well as wastewater derived from

agricultural or livestock activities. Nevertheless, the primary concern
regarding the existence of these pollutants, as well as their combina-
tions, lies not only in their abundance but also in their enduring presence
in the environment. This is due to the limited research conducted on
sustained exposure to these pollutants (Trujillano et al., 2022; Almeida
et al., 2020; Xu et al., 2022; Senasu et al., 2022; Patel et al., 2019). A
growing body of ecotoxicology research indicates that medications are a
potential hazard to aquatic creatures. The presence of medicines in
several aquatic compartments and their bioaccumulation in numerous
species serve as proof of this concern. Contaminants of Emerging Con-
cerns (CEC), also referred to as emerging pollutants, encompass chem-
ical substances that are found in water bodies but are not subject to
environmental monitoring. These substances have the potential to
adversely impact both ecological systems and human well-being. The
substances that are currently gaining attention as emerging contami-
nants encompass medications, personal care items, endocrine disruptor
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compounds, and pesticides (Azuma et al., 2019; Khan et al., 2020).
The drug known as paracetamol is widely used worldwide as an

analgesic and antipyretic agent. The administration of paracetamol has
been linked to the incidence of Stevens-Johnson syndrome and toxic
epidermal necrolysis, two infrequent dermatological disorders that have
the potential to result in mortality (Yang et al., 2008; Abdel-Wahab
et al., 2017). Paracetamol has been observed in diverse aquatic habi-
tats with quantities spanning from 3.3 ng/L to 16 μg/L (Fairbairn et al.,
2016; Agunbiade and Moodley, 2014), while the values documented in
saltwater exhibit a range of 3.2 ng/L to over 200 μg/L. The persistent
and substantial intake and manufacturing of paracetamol, along with its
apparent presence in saltwater, raise apprehensions regarding its po-
tential effects on marine creatures, particularly those that rely on
filtration (Benotti and Brownawell, 2007; Togola and Budzinski, 2008).

Ciprofloxacin, which was first introduced to the market in 1987, is
categorized as a type of antibiotic belonging to the fluoroquinolone
class. The utilization of these antibiotics is prevalent in the field of an-
imal husbandry due to their broad spectrum of efficacy (Van Thuan
et al., 2022; Queiróz et al., 2023; Behera et al., 2019; Costa et al., 2018).
The utilization of these antibiotics is prevalent in the field of animal
husbandry due to their broad spectrum of efficacy. Typically, the con-
tent of ciprofloxacin in water and wastewater was seen to range from
around 150 μg L− 1 to 21 mg L− 1 (Li et al., 2017; Liu et al., 2019; Zhao
et al., 2017). This antibiotic exhibit comparable toxicity to other anti-
biotics that have the potential to accumulate within the organism.
Antibiotic compounds are introduced into the aquatic environment
through several means, with medical antibiotic effluent being the most
prevalent. The introduction of antibiotic residues into the soil and
aquatic environment occurs via the ingestion of food by animals and
humans (Ebert et al., 2011; Yang et al., 2017).

Carbon dots, also known as CDs, are two-dimensional quasi-spherical
particles measuring less than 10 nm in size. They were initially identi-
fied in 2004 when purifying single-walled carbon nanotubes. CDs
consist of carbon atoms that are hybridized with sp2/sp3 groups. CDs
possess distinctive photophysical and chemical characteristics that set
them apart from other carbon allotropes. These include a broad spec-
trum of light absorption, electron mediation, exceptional photostability,
photosensitization, and low toxicity resulting from their nonmetallic
composition. The aforementioned characteristics contribute to their
extensive application in several fields, including photocatalysis, sensors,
solar panels, medication delivery, and numerous other technological
domains (Nugroho et al., 2022; Hou et al., 2017; Hu et al., 2021;
Nugroho et al., 2024; Aghamali et al., 2018; Nugroho et al., 2022;
Swapna and Sankararaman, 2019; Asadzadeh-Khaneghah et al., 2019).
CDs possess inherent photocatalytic activity, which enables them to
generate reactive oxygen species (ROS) upon exposure to light. These
ROS, such as hydroxyl radicals (•OH) and superoxide radicals (•O2− ), are
highly reactive species capable of oxidizing organic pollutants into
smaller, less harmful molecules. One notable characteristic of carbon
dots is their capacity to absorb visible light, which constitutes a sub-
stantial amount of sunlight. This attribute enables CDs to effectively
capture solar energy, making them well-suited for photocatalytic pur-
poses. CDs can undergo surface functionalization with different groups
or metal nanoparticles in order to improve their photocatalytic

efficiency. Functionalization can modify the surface characteristics of
CDs, such as enhancing the quantity of active sites or enhancing charge
separation, hence boosting their effectiveness in photodegradation re-
actions (Nugroho et al., 2024; Dervishi et al., 2019; Huang et al., 2019).
The utilization of semiconductor photocatalysis has attracted consider-
able scholarly interest as a viable approach for the purification of water
and air, as opposed to alternative conventional methods of pollution
treatment (Yan et al., 2020; Zhang et al., 2021). Because of the char-
acteristics of CDs, many researchers try to apply synthesis of carbon dots
from various natural resources and apply them in photodegradation
(Table 1). In instances when crystal development cannot be well regu-
lated, the application of clean technology in the fabrication of photo-
catalyst nanostructures has resulted in the detection of sample
aggregation. To effectively tackle the issue under consideration, a va-
riety of capping agents were employed during the preliminary stage to
precisely control the shape and photocatalytic properties of the catalysts
(Folawewo and Bala, 2022; Chopra, 2022; Cheng et al., 2024; Xu et al.,
2024; Lu et al., 2020; Zhou et al., 2023; Lu et al., 2022). The ZnO
photocatalyst has garnered considerable interest due to its remarkable
transport properties, cost-effectiveness in manufacture, and versatile
shape. The actual implementation of ZnO is constrained by two main
factors: inadequate ability to withstand sunshine and susceptibility to
photocorrosion (Meky et al., 2024; Chehhat et al., 2023; Ramos et al.,
2023). Previous studies have utilized photocatalysis techniques to
degrade antibiotic contaminants and paracetamol, as indicated in
Table 2.

This study aimed to synthesize and examine the photodegradation of
ciprofloxacin and Paracetamol in water using a mixture of carbon dots
derived from Cassia fistula and zinc oxide in various condition (CDs,
CDs@ZnO and CDs@ZnO-H400). The synthesized materials were then
analyzed and their photocatalytic activity performance was determined
by treating themwith ciprofloxacin and paracetamol in water. The study
aimed to investigate and compare the impact of several factors,
including the concentration of ciprofloxacin and paracetamol, the dose
of CDs@ZnO-H400 catalyst powder, initial solution pH, addition of
various scavengers, and reusability of the prepared CDs@ZnO-H400
photocatalyst.

2. Material and methods

2.1. Material

The flowers of Cassia fistula were taken from a flower garden located
near Faculty of Science, building 01, Khon Kaen University in April
2023. All chemical reagents used in this research, including zinc oxide,
are of analytical quality. Zinc Oxide was purchased from Sigma Aldrich.
Paracetamol (C8H9NO2) was purchased from commercial paracetamol
with brand Tylenol (500 mg) and Ciprofloxacin (C17H18FN3O3) was
purchased from commercial Ciprofloxacin with brand Cifloxin (500 mg)
in the pharmacy store student food store Khon Kaen University,
Thailand.

Table 1
Comparison carbon dots as a catalyst powder for photodegradation.

Catalyst name CDs Source Pollutant %Photodegradation Light Source Ref.

mpg-C3N4/CQDs Citric Acid Paracetamol 85 % Visible Light (Wang et al., 2018)
CDs/ZnO-H400 Coconut water Ofloxacin 99 % Solar Light (Nugroho et al., 2024)
CDs/ZnO-H400 Coconut water RR141 99 % Solar Light (Nugroho et al., 2024)
ZnO/CD NCs (NH4)2CO3 Ciprofloxacin 98 % Solar Light (Mukherjee et al., 2021)
CQDs/ZnO Zn(NO3)2⋅6H2O RhB 99 % Visible Light (Xu et al., 2023)
CQD-S2 citric acid, urea, polyethyleneimine. rhodamine B (RhB) 99 % Uv Light (Ahlawat et al., 2023)
CDs@ZnO-H400 Cassia fistula Ciprofloxacin 99 % Visible Light This Work
CDs@ZnO-H400 Cassia fistula Paracetamol 75 % Visible Light This Work
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2.2. Synthesis of Cassia fistula carbon dots (CDs)

Cassia fistula fresh flower has been washing several times using DI
water, dried in the oven 75 ◦C for 48 h, after dry grind to become
powder, and kept in the room temperature. For the future analysis.

3. Gram of Cassia fistula powder mixed with 40 ml DI water in
the hydrothermal Teflon, after that put in the oven 180 ◦C, for 4 h
(Nugroho et al., 2024). After synthesis, the carbon dots have
been centrifuging 10000 rpm for 10 min, and filtered by using
nylon membrane filter 0.22 µm, after that to become powder the
carbon dots dry in the oven 75 ◦C for 48 h. (Nugroho et al., 2022;
Nugroho et al., 2024)

3.1. Synthesis of CDs@ZnO by hydrothermal

A mixture of 1 g of CDs mixed with 10 mL of DI water and added 0.1-
gram ZnO was prepared using a hydrothermal method. The mixture was
heated in an oven at a temperature of 180 ◦C for 4 h. After the synthesis,
the mixture was dried in the oven for 24 h to get a powdered and kept in
the room temperature (Nugroho et al., 2024).

3.2. Synthesis of CDs@ZnOH-400 by calcination methods

To achieve the purification of CDs@ZnO, a quantity of 1 g of the
CDs@ZnO powder was calcination for 4 h at a temperature of 400 ◦C.
This was done using a closed system. (Nugroho et al., 2024).

3.3. Photodegradation of pollutants

Photocatalytic activity will be process by using mercury lamp (125

W) by measuring its ability to degrade the ciprofloxacin (CPF) and the
paracetamol (PCT). The generated 50 mg of photocatalyst was mixed
with a final volume (200 mL) of prepared pollutant solution with a
concentration of 10 mg L− 1. To create an equilibrium condition of
adsorption–desorption for the photocatalyst, the suspension was shaken
for 60 min in a dark room condition. (5) mL sample was taken and
centrifuged at 5000 rpm for 10 min, The purpose of this centrifugation
process was to extract the supernatant (Senasu et al., 2022; Senasu et al.,
2021).

The concentration assay was performed by quantifying the absor-
bance at wavelengths of 277 nm for CPF (Rajia et al., 2015) and 243 nm
for paracetamol (Manu et al., 2011), respectively. In order to evaluate
the %degradation, the equation for photodegradation efficiency was
utilized, (%) = ((1 − C/C0) × 100 %). The equation presented above
serves to quantify the extent of degradation by assessing the difference
between the starting concentration (C0) and the total amount of the
contaminant in aqueous solution (C) after a predetermined period of
irradiation. The degradation of the pollutant through photocatalysis can
be described by a kinetic model, which can be mathematically repre-
sented by the first-order reaction rate equation, ln (C0/C)= k1t, where k1
represents the rate constant associated with the first-order reaction. The
primary focus of this work was to investigate the impact of different
experimental factors, such as the initial pH of the solution, the loading of
the photocatalyst, and the initial quantity of pollutants, on the observed
photoactivity during the measurement of dye and antibiotic degrada-
tion. To examine the primary species accountable for the removal of the
pollutant, this study introduced individual scavengers, namely potas-
sium iodide (KI), benzoquinone (BQ), and isopropyl alcohol (IPA), at a
concentration of 5 mM. The purpose of employing these scavengers was
to selectively neutralize hydroxyl radicals, superoxide anion radicals,
holes, and electrons, respectively (Nugroho et al., 2024; Senasu et al.,
2022; Senasu et al., 2021).

3.4. Characterization

The instruments used for analysis include UV–visible spectropho-
tometers, X-ray photoelectron spectrometers (KRATOS AXIS SUPRA),
Fourier Transform Infrared Spectrometers (FT-IR) (Bruker TENSOR 27),
FIB-SEM (Helios NanoLab G3 CX), High-Resolution Transmission Elec-
tron Microscopes (HR-TEM) (Spectrometer: Transmission Electron Mi-
croscope; Electron gun: Schottky field emission type electron gun),
Energy Dispersive X-ray Spectrometers (EDX) (Oxford Instruments X-
Maxn), and ultraviolet–visible (UV–vis) diffused reflectance spectrom-
eters (Shimazu UV–VISNIR-3101PC scanning spectrophotometer).

4. Results and discussions

4.1. Characterization of catalyst powder CDs@ZnO-H400

The Tauc-plot of the band gap energy of CDs, ZnO, CDs@ZnO, and
CDs@ZnO-H400 photocatalysts is depicted in Fig. 1b. The energy
bandgaps of CDs, ZnO, CDs@ZnO, and CDs@ZnO-H400 were deter-
mined to be 3.63, 3.19, 3.08, and 2.96 eV, respectively. The CDs@ZnO-
H400 show the lowest bandgap energy after calcination process in the
400 ◦C, Calcination can lead to alterations in the composition of the
material, such as the elimination of contaminants or the rearrangement
of elements. The alterations can impact the band structure of the ma-
terial, potentially resulting in a decrease in the bandgap energy (Lin
et al., 2013; Cai et al., 2016). The enhanced photocatalytic effectiveness
of CDs@ZnO-H400 photocatalyst can be attributed to its low bandgap
energy. This can be achieved by utilizing the equation Ebg= hc/λ (eV) to
determine the bandgap energy (Wannakan et al., 2023). The diffused
reflectance spectra (DRS) depicted in the Fig. 1a are employed for this
purpose.

The X-ray diffraction patterns of CDs, CDs@ZnO, and CDs@ZnO-
H400 (Fig. 1c) exhibited several peaks in the 2θ range, suggesting the

Table 2
Comparison various carbon dots for degradation antibiotics

Catalyst Powder Antibiotics
Pollutants

%
Photodegradation

Light
Sourch

Ref.

ZnO-doped g-
C3N4

Ciprofloxacin 94 % Visible
Light

(Van
Thuan
et al.,
2022)

CeO2 Ciprofloxacin 89 % Uv
Light

(Queiróz
et al.,
2023)

ZnFe2O4@RGO Ciprofloxacin 73 % Solar
Light

(Behera
et al.,
2019)

TiO2 (Degussa
P25)

Ciprofloxacin 22 % Visible
Light

(Sanchez
Tobon
et al.,
2022)

CDs@ZnO-
H400

Ciprofloxacin 99 % Visible
Light

This Work

TiEt400 Paracetamol 46 % Uv
Lamp

(Trujillano
et al.,
2022)

TiO2 Paracetamol 89 % Uv
Lamp

(Yang
et al.,
2008)

TiO2/Fe2O3 Paracetamol 94 % Uv
Lamp

(Abdel-
Wahab
et al.,
2017)

TiO2 (Degussa
P25)

Paracetamol 83 % Uv
Light

(Jallouli
et al.,
2017)

La-doped ZnO Paracetamol 85 % Visible
Light

(Thi and
Lee, 2017)

CDs@ZnO-
H400

Ciprofloxacin 75 % Visible
Light

This Work

D. Nugroho et al.
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presence of a significant crystal peak and diffraction peaks linked to the
ZnO. at 2θ = 31.7◦ (100), 34.6◦ (002), 36.2◦ (101), 47.7◦ (102), 56.6◦

(110), 62.7◦ (103), and 67.8◦ (112), reflection planes, peaks of Cassia
fistula carbon dots in the position 20.8◦ (002), Consequently, the hex-
agonal crystal structure of ZnO is verified (JCPDS: PDF#36–1451). The
Crystallite size of each catalyst powder has been calculated and shows in
the Table 3, the average crystal size of CDs, CDs@ZnO, and CDs@ZnO-
H400 is 0.2, 38.9 and 41.69 nm, respectively. The XRD peak of ZnO
indicates that it is the predominant crystal form and exhibits the highest
level of photocatalytic activity compared to other crystal forms. This is
attributed to the presence of a thin layer of one material on the surface of
another material, which allows for interaction with the substrate ma-
terial and consequently leads to a modification in the nearby crystal
structure. Interface. Furthermore, it was noted that some diffraction
peaks exhibited a more significant displacement as a result of the doping
process (Nugroho et al., 2024; Ramos et al., 2023; Senasu et al., 2021;

Song and de Villiers, 2005).
The functional groups of CDs, CDs@ZnO, and CDs@ZnO-H400 were

investigated using FTIR analysis, as illustrated in Fig. 1d. The experi-
mental findings demonstrate the existence of the O–H stretching band at
about 3327 cm− 1, the alkane bond of the C–H bond at 2940 cm− 1, a
notable C––O bond at 1658 cm− 1, C-O stretching at 1018, 774, and 536
cm− 1, and the Zn-O bond at 440 cm− 1 individually (Nugroho et al.,
2024; Nugroho et al., 2022; Khan et al., 2015). The surface composition
and chemical environment of CDs@ZnO-H400 composites were inves-
tigated using XPS measurements. The survey XPS spectra of CDs@ZnO-
H400 revealed the presence of Zn2p, C1s, and O1s, as depicted in Fig. 2a.
The peaks seen at the Zn2p level (Fig. 2b) were attributed to Zn2p3/2
and Zn2p1/2, with binding energies of 1022.5 and 1046.1 eV, respec-
tively (Xu et al., 2013). Fig. 2c displays the high-resolution of C1s,
revealing the prominent peak at 289.1 eV, which corresponds to the O-
C––O bond. Additionally, another peak at 285.2 eV indicates the pres-
ence of C–C bonding (Yan et al., 2004; Bao et al., 2010). The high-
resolution spectrum of O1s is depicted in Fig. 2d. The C–OH bond is
responsible for the prominent peak observed at 532.9 eV. The second
peak, seen at 532.1 and 530.2 eV, corresponds to C-O bonding and OL,
respectively (Chen et al., 2010; Raja et al., 2016).

The morphological and characteristic of CDs@ZnO-H400 powder
also has been studied under EDX-SEM and TEM. As shown in the Fig. 3a,
the character of CDs is unstructured and easy to melting in the room
temperature, Fig. 3b show the characteristic of ZnO a nd it’s show that
ZnO has a spherical and short-rod shape, and the Fig. 3c shows the CDs
and ZnO are seen bonding to each other which can be observed from the
large zinc oxide crystals with carbon dots which appear as small dots at
the edge of the ZnO crystals. Fig. 3d depicts the properties of carbon dots
(CDs) derived from Cassia fistula, with an average particle size of 6 nm.
Fig. 3e illustrates the properties of CDs@ZnO-H400 under TEM,
revealing the bonding between carbon dots and ZnO. The elemental of
CDs@ZnO-H400 has been analyzed by using EDX. As shown in Fig. 3f,
the atomic% of elemental C, O, and Zn, is 39.08, 29.93 and 29.61 %,
respectively. In addition, the mapping of elemental under EDX was also
displayed in the Fig. 3g–i.

Fig. 1. Diffused reflectance spectra (DRS) (a), Tauc-plot for determination of band gap energy (b), XRD patterns (c), and FTIR spectra of the prepared photo-
catalysts (d).

Table 3
Calculation of 6 Crystallite size catalyst powder.

Name of
catalyst

Peak
Position
2 theta

FWHM Crystal size D
(nm)

average
(nm)

CDs@ZnO-H400 100 0.17 47.9 41.69
002 0.17 48.6
101 0.17 47.9
102 0.22 38.7
110 0.25 36.4
103 0.26 35.6
112 0.26 36.7

CDs@ZnO 100 0.19 43.3 38.9
002 0.20 41.7
101 0.18 46.5
102 0.22 39.0
110 0.26 34.7
103 0.25 37.3
112 0.32 30.0

CDs 002 31.8 0.2 0.2

D. Nugroho et al.
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Fig. 2. XPS spectra of CDs@ZnO-H400: survey scan (a), Zn2p (b) O1s (c), and C1s (d).

Fig. 3. SEM of CDs (a), Zinc Oxide (b) and CDs@ZnO-H400 (c) TEM of CDs (d) CDs@ZnO-H400 (e), EDX spectra of CDs@ZnO-H400 (f) mapping spectra of
CDs@ZnO-H400 (g–i).

D. Nugroho et al.
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4.2. Photodegradation of various pollutants

This research examines the impact of ciprofloxacin (CPF) and para-
cetamol (PCT) as pollutants and investigates the catalytic degradation
activity of several catalyst powders, CDs, CDs@ZnO, and CDs@ZnO-
H400. The photodegradation process is simulated using solar light
activation under a UV lamp. The standard tests employed in this study

have demonstrated the presence of pollutants in the absence of diverse
catalyst powders. The decomposition of CPF by CDs, CDs@ZnO, and
CDs@ZnO-H400 nanostructures was observed to be around 44.7 %,
86.3 %, and 99.8 %, with the rate constant (k) of 6.078 E-4, 0.005, and
0.061 min− 1 respectively, as depicted in Fig. 4a–c. In Fig. 4a–c, it can be
observed that the catalysts of CDs, CDs@ZnO, and CDs@ZnO-H400
nanostructures exhibit decomposition efficiencies of approximately

Fig. 4. Lowering of C/C0 with time toward degradation of Ciprofloxacin (a), %degradation (b), determination of rate constant (c), lowering of C/C0 with time toward
degradation of Paracetamol (d), %degradation (e), and determination of rate constant (f). (n = 3).

D. Nugroho et al.
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21.2 %, 57.9 %, and 75.14 % for PCT, with the rate constant (k) 9.067 E-
4, 0.002, and 0.007 min− 1 respectively. The poor efficiencies observed
in CDs can be attributed to their low optical efficiency and the presence
of a significant number of electron-hole pairs (Khan et al., 2015;
Nugroho et al., 2024; Kakarndee and Nanan, 2018). The CDs@ZnO
nanocomposite demonstrated a notably greater photocatalytic degra-
dation activity for both pollutants compared to individual CDs when
subjected to identical circumstances. The application of calcination at a
temperature of 400 ◦C has been seen to enhance the electron-hole sep-
aration efficiency of CDs@ZnO, resulting in a superior performance

compared to other methods, the Calcination can stimulate or augment
the photocatalytic activity, enhance the stability and longevity of ma-
terials, rendering them more resilient to severe photodegradation con-
ditions, and eliminate impurities or pollutants found in the initial
substance, which could otherwise hinder the photodegradation process
or diminish the effectiveness of photocatalysts. Scheme 1–8 depicts a
potential photocatalytic process that exhibits exceptional decomposition
efficiency for CPF and PCT through the utilization of a CDs@ZnO-H400
catalyst nanocomposite. The heterogeneous connections formed in the
CDs@ZnO-H400 catalyst nanocomposite are crucial for the migration

Fig. 5. Effect of catalyst loading on degradation of ciprofloxacin (a) and Paracetamol (b), effect of pollutant concentration on degradation of ciprofloxacin (c) and
Paracetamol (d), effect of solution pH on degradation of ciprofloxacin (c) and Paracetamol (d). (n = 3).

D. Nugroho et al.
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and transmission of photo-excited charge carriers (Nugroho et al., 2024;
Chankhanittha et al., 2021; Yu et al., 2021; Yu et al., 2024; Yu et al.,
2021; Nie et al., 2022; Yang et al., 2023).

CDs + ZnO + hv → CDs + ZnO + e− + h+ (1)

h+ + H2O → OH+H− (2)

h+ + OH– → OH (3)

e− + O2 → O2 (4)

O2 + H + → HO2 (5)

O2 + Pollutant → Degradation Product (6)

e− + Pollutant → Degradation Product (7)

OH + Pollutant → Degradation Product (8)

Experimental parameters’ influence on photoactivity was conducted
under many situations to determine the optimal conditions. These var-
iables encompassed the influence of pH, catalyst content, and pollutant
concentration (Fig. 5). The effect of catalyst loading has been study for
degradation of CPF and PCT. The optimum condition for CPF is 50 mg
(Fig. 5a) and that for PCT is 75 mg (Fig. 5b). The observed phenomenon
can be attributed to the concurrent increase in the quantity of pollutants
adsorbed onto the catalyst and the corresponding rise in the density of
catalyst particles inside the photo-illuminated region (Chankhanittha
et al., 2019). The various concentrations of pollutant have been studied
in for CPF (Fig. 5c) and for PCT (Fig. 5d). The result shows that the
concentration of pollutant influences on the resultant photoactivity.

Under the condition of 20 ppm pollutant, the % degradation of CPF
decreases to be 97,1% and PCT 68.3 %, respectively. Elevating the levels
of pollutants leads to a decrease in photoactivity. When the concentra-
tion of pollutants is elevated, the pollutant molecules exhibit a sub-
stantial absorption of light, rather than the CDs@ZnO-H400
photocatalyst. Consequently, there is a reduction in the quantity of light
that reaches the catalyst’s surface, leading to a decline in the degrading
efficiency (Senasu et al., 2021; Khan et al., 2015). The various concen-
tration of pH has been tested for the influence study of photodegradation
by using CDs@ZnO-H400 (pH range 3, 5, 7, 9 and 11) for CPF (Fig. 5e)
and for PCT (Fig. 5f). The result shows that the degradation of CPF and
PCT at pH of about 3 has significantly decreased to about 53.6 %. This is
due to the fact that the CDs and ZnO has been dissolution in the acid
condition. Thus, the optimum condition of degradation pollutant by
using CDs@ZnO-H400 it’s shown in the pH range 5 – 7. The increase in
anionic pollutants can be attributed to the presence of catalyst powder
(Kakarndee and Nanan, 2018). The CPF solution has a natural pH of
approximately 6, while the PCT solution has a pH of 7. The presence of a
negative charge on the surface of the photocatalyst, in conjunction with
the anionic pollutant, will end up with a repulsive interaction between
the nanocomposite photocatalyst and the pollutant. As a consequence,
the adsorption of CPF and PCT on the surface of the CDs@ZnO-H400
catalyst nanocomposite is reduced, leading to a decline in the photo-
catalytic efficiency. The increase in photoactivity can be due to the
improved adsorption of anionic pollutants on the surface of CDs@ZnO-
H400 photocatalyst powder, which possesses a positive charge (Wan-
nakan et al., 2023).

A research investigation was conducted to examine the impact of
reactive species mechanisms on the photocatalytic degradation of

Fig. 6. Effect of various scavenger on degradation of Ciprofloxacin (a), the corresponding %degradation (b), of various scavenger on degradation of Paracetamol (c),
and the corresponding %degradation (d). (n = 3).
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CDs@ZnO-H400 in the degradation of CPF and PCT pollutants. Various
scavengers, namely potassium iodide (KI), benzoquinone (BQ), and
isopropyl alcohol (IPA), were introduced during the degradation process
of each individual pollutant. The observed impact of KI, BQ, and IPA can
be attributed to their different roles in regulating the activity of h+, •OH,
and •O2. Fig. 6a and b demonstrate a decrease in the degradation of CPF
with the addition of IPA, from 99 % to 27 %. This drop can be attributed
to the significant role performed by •OH in the degradation process of
CPF. The impact of different scavengers on the degradation of PCT is
illustrated in Fig. 6c and d. The addition of BQ resulted in a decrease in
the degradation percentage from 75 % to 31 %. This decrease can be
attributed to the significant role performed by •O2 in the degradation
process of PCT.

Photogeneration of the electrons and holes were occurred in the
conduction band (CB) and the valence band (VB), respectively. After
that, the formation of reactive species would be expected. In principle,
the energy level of the CB and VB edges of both CDs@ZnO-H400 pho-
tocatalysts can be determined by using the Mulliken electronegativity
theory as follows

EVB = χ − EC +0.5Eg (9)

ECB = EVB − Eg (10)

Where, EVB represents the VB potential, ECB denotes the CB potential, EC
stands for the standard hydrogen electrode potential (=4.5 eV), and
represents the absolute value of the electronegativity of the semi-
conducting photocatalyst. The electronegativity values for ZnO were
measured to be 5.79 eV. This resulted in charge separation and a good
redox ability. The EVB and ECB values of CDs@ZnO-H400 were deter-
mined to be + 2.77 and − 0.19 eV, respectively. Theoretically, the
combined benefits of extended photo-absorption, exceptional charge
separation, and a robust redox potential are achieved. The utilization of
this heterojunction technique is highly suitable for implementation in
the current study. Hence, Fig. 7 presents the propose mechanism for the
photodegradation for elimination of pollutants using the CDs@ZnO-
H400 heterojunction photocatalyst.

The practical application of the synthesized photocatalyst is signifi-
cantly influenced by its reusability. Therefore, an investigation was
conducted to examine the cycling capacity of the photocatalyst subse-
quent to the elimination of the CPF and PCT. The photocatalytic per-
formance of the CDs@ZnO-H400 photocatalyst powder remains

consistently high even after undergoing four cycles of utilization. After
finished the first cycle, the powder has been filtered by using Whatman
filter paper no1. After that it was dried in the oven for 24 h. This dry
powder is ready to be used for another cycle. As seen in Fig. 8a, after 4
times cycling, the performance ability of catalyst powder CDs@ZnO-
H400 was acceptable and stable in the process degradation of CPF and
PCT. The crystal structure of the CDs@ZnO-H400 was also determined
following the elimination of pollutants. The confirmation of the stability
of the photocatalyst process will be conducted. Fig. 8b demonstrates that
the XRD patterns of the photocatalyst before and after the photo-
degradation procedure were comparable, suggesting that the sample
displayed excellent structural stability. The chemical bonding under FT-
IR has been investigated for the fresh and used photocatalysts. As
illustrated in Fig. 8c, The FT-IR spectra of the used and the fresh pho-
tocatalysts are similar, showing a high level of structural stability.
Furthermore, an investigation was conducted on the morphological
structure of the prepared CDs@ZnO-H400 using EDX-SEM, as depicted
in Fig. 8d–i. The results demonstrate the stability of the morphology of
CDs@ZnO-H400.

5. Conclusion

The CDs@ZnO-H400 heterojunction photocatalyst was produced via
a hydrothermal technique, followed by calcination at a temperature of
400 ◦C. The CDs@ZnO-H400 heterostructure displayed a higher surface
area compared to the monolayer CDs. The CDs@ZnO-H400 hetero-
structure photocatalyst exhibited a photocatalytic activity of 99.8 % and
75 % for the degradation of ciprofloxacin and paracetamol, respectively.
The pollutant undergoes photodegradation following the first-order ki-
netic model. Even after enduring four cycles of usage, the photocatalyst
consistently maintains remarkable performance, thereby indicating its
promising ability to cycle. As a result, the system that was designed can
help remove ciprofloxacin and paracetamol from the environment.
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